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[Interview with Academician of the Russian Academy of 
Sciences [RAS] Anatoliy Alekseyevich Logunov, director 
of the Institute of High-Energy Physics, by Andrey 
Vasyanin and Gennadiy Dernovoy, under the rubric 
“Science. Technology”; place and date not given: “Aca- 
demician Anatoliy Logunov: ‘The Unique Installations 
Are National Property’’—first two paragraphs are 
ROSSIYSKIYE VESTI introduction] 


[Text] Half a year ago Academician of the RAS Anatoliy 
Logunov, a well-known theoretical physicist, returned to 
the leadership of the Institute of High-Energy Physics, 
which is in Protvino near Serpukhov. 


At the request of the editorial office A.A. Logunov 
answered questions that are connected with the present 
state of basic science and, in particular, with the situa- 
tion at the Institute of High-Energy Physics, one of the 
“flagships” of domestic science. 


ROSSIYSKIYE VESTI: Anatoliy Alekseyevich, what is 
the place of basic science in our country, which is now 
experiencing not the best of times? 


Logunov: The result of basic research is never known 
specifically in advance, for it is a matter of the discovery 
of completely new laws of nature. Historical parallels 
testify that knowledge of what is new always leads to 
revolutionary changes, including in society, trans- 
forming it. At one time basic research did not require 
large sums of money. But gradually the problems became 
deeper. Their solution is inconceivable without large 
installations—accelerators with very high energies and 
intensities, radiotelescopes, and telescopes with large 
diameters for the study of the development of the 
universe. 


All this costs very much. Precisely for this reason the 
financing of basic research in all countries without 
exception is carried out only by the state. But if you 
compare the outlays on the above-indicated “physics” 
with the cost of weapons, it turns out to be not that 
much. All the more so as in contrast to weapons, the 
country does not need tens and hundreds of accelerators. 
Here at the Institute of High-Energy Physics there is 
actually the only large accelerator in all of Russia. It has 
already worked efficiently for 27 years, but subsequently 
it will operate as an “acceleration” stage of a more 
advanced accelerator that is being built. 


World experience shows that the problems of high- 
energy physics require the development of instruments 
and installations with the maximum parameters today. 
By the efforts of scientists and specialists something 
unique is developed for specific goals. In this way new 
technologies and instruments, which enter industry and 
production, also emerge. They are well aware of this 
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throughout the world—in the United States, Japan, 
Germany, and other countries of the West. 


In our country great importance was always attached to 
basic research, and without this our country would not 
have joined the ranks of the world powers. It is possible 
to name many countries with a high standard of living, 
but which in scientific and cultural potential and educa- 
tion are inferior to Russia. Germany, for example, at one 
time a large share of physical science, and not just 
physical science, developed precisely there, and, for 
example, all physics literature was at one time in 
German. But the war had the result that Germany was 
thrown back. And although the standard of living of this 
country 1s now very high, it has thus far not been able to 
restore its former positions. Sooner or later this will 
happen, for more and more assets are being allotted for 
this today. The example of successful Germany shows us 
that we must not destroy scientific schools and the 
scientific atmosphere—il 1s immeasurably easier to 
destroy all this than to restore it 


ROSSIYSKIYE VESTI: What is possible to say on this 
level about the present situation in specific application 
to the institute you direct? 


Logunoy: You must not think that the people who head 
the state do not understand that it 1s necessary to develop 
basic science. Recently our Minister Viktor Nikitovich 
Mikhaylov (head of the Russian Federation Ministry of 
Atomic Energy—editor) addressed a letter to the premier 
with the request to support the operations. which have 
been conducted for 10 years now, on the building of a 
new accelerator, and the resolution of Viktor 
Stepanovich Chernomyrdin was quite specific: “It 1s 
necessary to complete this project.” 


It must be noted that in prior years such a decision was 
more than sufficient, but now it is more complicated. 
The question of precisely what assets should be allotted 
for this year has been discussed for a long time. Still | 
hope that the financial aspect will be settled promptly. 
For it 1s very important for us to build this machine 
quickly, to start it up somewhere by 1997 and to begin 
research by 1998. 


But regular and significant capital investments are 
needed for this. Technically the program 1s entirely 
feasible: The 21-km tunnel has been dug, and nearly 70 
percent of the equipment is already available. It 1s 
necessary to use as much as possible in all the opportu- 
nities this year and in subsequent years. If we succeed in 
accomplishing the task in this time, many installations, 
which already exist in Europe and have high parameters, 
could in accordance with existing understandings be 
moved here, and important experiments could be con- 
ducted here. But if the matter is dragged out, the desire 
of many people to collaborate with us will disappear. 
This does not mean that the machine will lose all 
meaning, but still “the Easter egg 1s expensive.” 


ROSSIYSKIYE VESTE: Is it possible to talk today about 
the problem of the very existence of the Institute of 
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High-Energy Physics under the conditions when plants, 
for example, are shutting down? 


Logunoyv: | would answer this as follows. In 1993 the 
institute was still financed. The assets for our program 
were appropriated in the republic budget as a separate line. 
At the beginning this money seemed like a lot, but inflation 
“ate” it up and difficulties arose. Our “operating” accel- 
erator was idle for eight months. Now, as | have already 
told you, our minister has posed the question, the prime 
minister has answered it quite specifically. 


Recently Minister of Science Boris Georgiyevich 
Saltykov confirmed that it is necessary first of all to 
support scientific centers that have unique installations. 
So that we apparently should not die, we should not. Our 
death would mean the loss of the potential that has been 
accumulated in this field. 


Of course, in the present situation we have been forced 
to switch a number of subdivisions to conditions, when 
they could, along with work on themes of the institute, 
fill orders under contracts with other enterprises and 
organizations. 


The wage of our scientists is small. Professors today are 
nearly paupers. Earlier it was also impossible to say that 
they were very rich, but all the same they belonged to the 
quite well-to-do stratum and were able to do their own 
job in peace, without thinking about how to feed their 
family. Now everything has become complicated. For 
example, each session of operation of the accelera‘or 
takes 1.5 billion rubles and more for electric power. That 
is why today we are actively seeking orders on the side 
and are learning not only how to spend, but also to earn. 


We reckoned that we are quite able to accomplish the 
fulfillment of installation operations on the accelerator 
on our own. After all, we ourselves are installing the 
technological equipment—Why will we not be able to 
perform the installation of the heat-supply or ventilation 
systems? Previously we placed orders with installers, and 
they received a much larger wage than our associates. 
Today it is necessary to support our own people. We will 
take this work upon ourselves. Thus, we will have greater 
chances to preserve our potential and collective, for 
financing will proceed not only along the line of the 
scientific and technical revolution, but also along the line 
of capital investments. I believe that last year we all 
overlooked this slightly, did not trace to the end the 
entire thread of development and thought that we would 
be able to be supported as before. Now we see a clear 
picture, and it is necessary to prepare for the perfor- 
mance of such work as well. So that several changes are 
occurring here. But they are not exceeding the limit, 
beyond which a threat to our scientific potential would 
arise. 


ROSSIYSKIYE VESTI: And all the same what could 
you say in response to the question of the possible 
reduction of the staff of the institute? 
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Logunov: It depends on what you understand by reduc- 
tion. Today we are relinquishing a number of duties that 
previously belonged to the institute: the maintenance of 
available housing, sports facilities, and kindergartens. In 
the future we will also continue to rid ourselves of 
everything that is not typical of a scientific institution. 
Thus, in these spheres simply a change of sources of 
financing is occurring. But a real reduction of the 
number ot associates of the institute, of course, is also 
taking place. For various reasons the departure of spe- 
cialists, including highly skilled ones, both workers and 
engineers, is taking place. It is necessary to try with all 
our might to create the conditions to halt this process. In 
the end it is necessary to retain some minimum, but to 
agree here to pay them properly. 


ROSSIYSKIYE VESTI: Are there losses among scientists of 
the institute? 


Logunov: This problem has several aspects. When people 
go abroad and actively deal there with physics, when 
purely scientific interests move them, this is in a certain 
sense good. There they are if only realizing themselves as 
specialists. In Japan at one time there was also a situa- 
tion when scientists began to leave the country. But later, 
when the economic situation in the country improved, 
the people returning were treated like people who during 
difficult times did not support the homeland. In our 
society such sentiments thus far do not exist, although, 
perhaps, with time they will also appear. And we will 
begin to value those people who do not abandon the 
country when trying to solve only their own personal 
problems. 


Several of our physicists have very peculiar views of the 
sort that it 1s possible to preserve our physical science by 
conducting experimental work abroad. Yes, indeed, a 
skilled specialist with his own ideas can get work. But 
what will we then have in the future in our country? 
There will be no school, there will be no base, there will 
be no young people and, thus, no following generation of 
scientists. And if we think more broadly—about the 
country, where it is necessary to preserve science, it 
becomes obvious that we should develop this science in 
our own country. Then the research, which enjoys 
respect in the country, will not be interrupted. 


Why are many laboratories willing today to hire scien- 
tists from Russia? Because here a large potential has 
actually been accumulated. We have now enriched 
America and Europe with highly skilled specialists. Bil- 
lions of dollars would be needed for their training. For 
example, U.S. universities are well financed, but do not 
have good specialists in all fields. And they gladly hire 
ours and pay them more as compared with our wage, but 
less than their own. So that the interest of this aspect is 
clear. But what awaits the people—formerly “ours’”— 
there? Deprived of contact and a genuine scientific 
environment, they gradually lose their skill. Yes, mate- 
rially they will live rather well, but their scientific future 
is open to question. But as to the Institute of High- 
Energy Physics, the leading physicists of our institute did 
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not leave. Of course, there are losses, but they are 
negligible and have actually not harmed the scientific 
potential of the collective. 


ROSSIYSKIYE VESTI: Was the Protvino Institute of 
High-Energy Physics included on the list of national 
science centers of Russia, which are being established? 


Logunov: Yes, we were included on the list of national 
centers, but, in my opinion, there are too many of these 
centers. Alas, the principle ‘‘for all the sisters a pair of 
earrings each” was dominant when settling this question. 
It was difficult for the Ministry of Science to single out 
anyone, although, it would seem, the orientation first of 
all toward the institutions, at which there is a unique 
experimental base and where not only our scientists, but 
also scientists of other countries can work, was natural. 
The unique installations are not only the property of this 
institute, they are national property. But, I repeat, it 
would probably be very difficult to choose. Our psy- 
chology 1s such that everyone has an equal need. There- 
fore, there are very many centers, and, consequently, this 
money will not be that much. 


ROSSIYSKIYE VESTI: How, in your opinion, might 
what happened with the supercollider project in the 
United States affect the situation? 


Logunov: In deciding the question of the SSC various 
problems were intertwined. Physicists of “competing” 
specializations also played a negative role—when talk 
began about the fact that too much money was being 
invested in the superaccelerator project, they hoped that 
if something were to happen suddenly, this money would 
go to them. And what happened? The cut off of the SSC 
is, after all, a decrease of investments in other projects. If 
we had learned not only from our own mistakes, we 
should have understood: In the sphere of scientific 
research the cutoff of one thing is a loss for everyone. 
When one level is raised high, that is, there are grounds 
to accept others. Such dependence is also maintained in 
case of a decrease of this level. How will these e, ents be 
perceived in our country? 


The people leading the country should understand that 
without giving support to science, education, and culture 
our society will be thrown so far back that it will also be 
hard to imagine. 


Labor Official Comments on Contract Wage 
Payments for S&T VW rkers 


94740053B Moscow POISK in Russian 
No 18-19 (260-261), 6-19 May 94 p 3 


[Interview with Andrey Sergeyevich Kulagin, deputy 
chief of the Administration of the Economic and Legal 
Regulation of Scientific and Technical Progress and 
chief of the Division of the Economic Organizational 
Regulation of Scientific and Technical Progress in the 
Russian Federation Ministry of Science and Technical 
Policy, by Natalya Bulgakova, under the rubric “The 
Portrait of a Problem: The Contract”; place and date not 
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given: “Will We Take a Different Path?’—first para- 
graph 1s POISK introduction; last three paragraphs are 
POISK conclusion] 


[Text] In 1990 on the initiative of the USSR State Com- 
mittee for Labor and the USSR State Committee tor 
Science and Technology an experiment on the organiza- 
tion and remuneration of the labor of the personnel of 
scientific organizations on the basis of contracts was 
begun. There were several types of institutes that wished to 
take part in it. They made the selection in a captious 
manner and so as to encompass all the typical spheres of 
science: higher educational institutions, basic institutes, 
sectorial scientific research institutes, and design organi- 
zations. A. Kulagin, at that time chief of the division of 
science in the USSR State Committee for Labor, directed 
the experiment. Today he is deputy chief of the Adminis- 
tration of the Economic and Legal Regulation of Scientific 
and Technical Progress (NTP) and chief of the Division of 
the Economic Organizationa! Regulation of Scientific and 
Technical Progress in the Russian Federation Ministry of 
Science and Technical Policy. A. Kulagin kindly agreed to 
any the questions that interested us. 


What Is a Contract? 


Bulgakova: Andrey Sergeyevich, in the Labor Code the 
word “contract” 1s in parentheses after the concept 
“labor agreement.’ Thus, are they synonyms? And then 
what sense !s it that they replaced the labor agreement, 
which existed many years before market relations, with 
the fashionable contract? 


Kulagin: Yes, today the Russian Federation Ministry of 
Labor professes precisely such an approach: In their 
opinion the labor agreement and the contract are the 
same thing. In essence it was necessary earlier to con- 
clude the labor agreement in written form, but no one 
did this: They did not have enough legal knowledge. Our 
workers did not always understand what kind of norm 
was recorded in the contract and how it would then be in 
effect. Therefore, everything boiled down to the fact that 
a person taking a job signed a printed order and at best 
acquainted himself with the official instructions and 
regulations. And in essence there was no agreemeni as 
such, in which the duties of the employer, on the one 
hand, and the worker, on the other, were specified. 


Bulgakova: Not by accident, I think, was there not 
enough legal knowledge: This was very conver ient for 
the state. But today, too, the level of legal skill of the 
majority has hardly increased significantly. While we do 
not have personal lawyers, as in the West. By idea, this 
should check the spread of the contract system. But do 
you share the views of the Ministry of Labor? 


Kulagin: I see two fundamental shortcomings of their 
approach. The first 1s that the contract as a labor 
agreement regulates only labor relations. But the ques- 
tion, to whom does the ownership of the result of labor 
belong, 1s not being settled. If it is a matter of an 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














4 SCIENCE AND TECHNOLOGY POLICY 


accountant or librarian, such a question does not arise. 
The result of the labor of a scientific worker, which is 
expressed in a specific technical product—the design of a 
machine tool, a new technology—has a specific commer- 
cial value, and this product can be sold by the owner. As 
long as they have not decided who the owner is, both 
parties are aspiring with equal right to this title. 


Bulgakova: As far as I know, earlier such a question did 
not even arise. All the property rights were left to the 
State enterprise, workers in laboratories, equipment, 
assets... 


Kulagin: But now everything might happen exactly the 
other way round. Individual laboratories, which have 
developed their own idea, are transferring it along with 
themselves to a small enterprise, while remaining very 
often in the former institute, and begin to sell, deriving a 
profit. But .he institute, which created all the conditions 
for fruitful work, cannot do anything, if there is no 
prelim.nary understanding that is recorded in an agree- 
ment. The question of the regulation of property rights 
pertains to civil law, not labor law. In the labor agree- 
ment it should also not be settled. But this also means 
that the contract with personnel, the result of whose 
labor has a specific form, is a broader concept than the 
labor agreement. 


Bulgakova: But workers also have the right to the use of 
the results of their labor. Meanwhile, if they are fired.... 


Kulagin: ...they lose all property rights, that is absolutely 
correct, and this is the second fundamental shortcoming of 
the equation of the concept “contract” with the concept 
“labor agreement.” In a contract it would be possible to 
stipulate the property rights of the worker and the 
employer after the cancellation of the labor agreement. 


Bulgakova: Thus, we have arrived at a second under- 
standing of the work “contract.” 


Kulagin: Yes. By the logic of things, the comprehensive 
civil law agreement, in which, first, the questions con- 
nected with the labor process are settled, should be the 
contract. Second, the civil labor relations between the 
organization that is the employer and the hired worker 
are stipulated, in other words, the rights of ownership of 
the result of labor are specified. And its third peculiarity 
is that its validity does not expire upon completion of the 
labor process. What is interesting, the second and third 
components should be present in the contract with a 
scientific worker without fail, while the first might not 
be. If | came to an organization with an already inished 
result, we regulate by contract not the process of labor, 
but the question of the transfer of ownership of the 
scientific work. 


Is This Always Necessary? 


Bulgakova: If we follow this approach, is it far from 
necessary to conclude a contract with everyone? 
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Kulagin: Of course. For example, scientists, who are 
engaged in basic science, cannot say about their devel- 
opments that they are of commercial value. It is impos- 
sible to discover a physical law, to conceal it from 
everyone, and to trade in it secretly: If you want to use it, 
they say, pay. Everything connected with the obtaining 
of a generally applicable scientific result is grouped with 
human values and does not have a use value. Thus, the 
worker cannot lay claim to the result of his labor and the 
contract in essence is a labor agreement in pure form. 


Buigakova: In science a result is rarely achieved by one 
person. As a rule, a group, moreover, a multiple-skill 
group, in which there are a scientist, a process engineer, 
a patent expert, and so forth, does the work. But if the 
director will work only with those people who are at 
hand, that is, at the given moment are on the staff, how 
can he achieve the best result and, what is more, predict 
it in a written agreement? How does the Labor Code 
regulate such situations? 


Kulagin: It simply does not. Unfortunately, all the efforts 
connected with collective contracts did not receive any 
development at all in the prevailing legislation. Although 
for me—a person who has been dealing with the devel- 
opment of the contract system for a few years—several 
ideas are quite obvious. Just as for the organizations that 
participated in the experiment. The optimum variant is 
when not the administration, but the director of the 
collective himself decides what specialists of what skills 
are needed for what time. He also specifies the terms of 
remuneration. Undoubtedly, these rights of the director 
should be combined with his great responsibility. 


Bulgakova: Are your efforts now being used in practice? 
Do you have such data? 


Kulagin: We took them into consideration in the standard 
documents of the Russian Technological Development 
Fund, of which I am the executive director. This is what it 
amounted to. The director of the work is a responsible 
person, an independent party to a trilateral agreement. The 
fund is the client. The functions of the organization, in 
which the director of the work works, are very limited: 
accounting reports, the payment of taxes, material and 
technical supply.... The amount that is at the disposal of 
the director is clearly stipulated. This is not less than 90 
percent of all the assets. The director selects the group, 
approves the internal estimate, and regulates the dates of 
delivery of the necessary equipment. 


If he cannot complete the work in a high-quality and 
timely manner, he will get a kind of “passport of unre- 
liability”: His applications will never again be consid- 
ered by the fund. Fortunately, there were no precedents. 
But conflict situations are not ruled out due to the fact 
that such a style of work is too strange for many 
organizations. Recently one director addressed a com- 
plaint to us. In his opinion, a portion of the assets were 
used by the administration for outside goals. Our 
auditing service will look into situation, and if the facts 
are confirmed, we will recover these assets from the 
organization. 
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Who Will Defend the Worker? 


Bulgakova: That is, your fund performs as if the role of a 
third person and stands guard over justice. But an 
organization might also not resort to your assistance and 
might itself, at its own risk—in the legislation there is 
little that is concrete—conclude contracts. Is it possible 
to guarantee that the administration will not exceed its 
powers and will not record in the contract something it 
did not have the right to record? Given the already 
mentioned low level of legal culture such a thing is 
entirely possible. And who will then defend the rights of 
the personnel? Trade unions? 


Kulagin: | do not understand what trade unions are in 
our times. A trade union figure, even a freed one, all the 
same is a worker of the given organization, and he knows 
perfectly well that after the expiration of the term of his 
election he will continue to work here. Or he will not, if 
he came into conflict with the administration. This 
dependence deprives him of the opportunity to defend 
thoroughly the interests of the working people. More- 
over, our trade union, owing to the charter and long- 
standing habits, defends everyone: Both whoever works 
well and whoever works poorly. You will agree, now are 
not the times... 


Bulgakova: And how is the question of defending the 
rights of workers being settled in the West? 


Kulagin: First, there is a completely different structure of 
trade unions there: They are independent. There is no 
elected chairman of the trade union committee, there is 
a representative of the Central Committee of Trade 
Unions, who can transfer from one organization to 
another, while remaining a worker of this committee. 
Second, the trade unions of the majority of countries in 
the International Labor Organization (ILO) believe that 
it is necessary to reduce the number of contracts to a 
minimum. It is clear why: When concluding a contract, 
the worker himself comes directly to an understanding 
with the employer about working conditions and thereby 
is as if getting out from under the influence of the trade 
unions. And for the majority of workers such a position 
is quite well-founded, as we have already said. A contract 
is needed for those people, who, first, are themselves 
creating something specific and, second, this “‘some- 
thing” has a specific commercial value. 


Is This Needed at All? 


Bulgakova: The analysis of the results of the experiment 
enabled us to understand what the contract should be 
like. But what did this experiment, in your opinion, give 
the people who participated in it? 


Kulagin: The contract system enabled them to adapt better 
to the present unstable conditions. As 1s known, prevailing 
labor legislation limits the number of labor agreements 
concluded by one worker: The possibility of working more 
than one job is envisaged only in one place and not more 
than half the standard of time. Incidentally, if you equate 
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the contract with the labor agreement, this limitation 
should also extend to it. But it does not. And owing to this 
workers actively sought orders that were advantageous for 
themselves. Labor intensity increased. An incident at the 
Tsiklon Central Scientific Research Institute is indicative. 
At the end of 1991 during a significant reduction a group 
of specialists headed by a manager chosen by them sug- 
gested to the administration to keep them on the staff until 
better times with the minimum salary for those years of 
200 rubles [R]. A temporary contract collective (VKK) was 
set up. During the second quarter of 1992 this VKK had so 
provided itself with orders that the average wage of its 
workers increased to R5,000. The system of contracts is 
also good for this: It does not limit the amount of wages, 
everything depends on the contribution of the worker 
himself to the end result and on his activeness. 


After this conversation and the looking through of the 
Labor Code it became clear that the contract is not as 
terrible as people imagine it at times. First, the prevailing 
opinion that it transforms the permanent worker into a 
temporary worker is incorrect: The contract can also be 
permanent. And if it 1s concluded for a specific period, the 
reason should be stipulated in it without fail—to avoid 
abuses of the fix-term form of hiring. Second, according to 
the law, the administration does not have the right without 
the consent of the worker to change substantially the 
conditions of his work, including to convert to a contract. 
Therefore, even the workers of higher educational institu- 
tions, whom the Law on Education orders to get work 
exclusively under contract, have still far from all con- 
cluded this contract: Until the five-year term of election is 
over, everything remains the same for them. All this works 
for the defense of workers against the potential arbitrari- 
ness of the administration. 


However, it has simply remained incomprehensible why 
the contract system was called illegal. Having despaired of 
finding an answer in ministerial offices, | decided ‘‘to join 
the people” and to start with find out what was happening 
at higher educational institutions. Now it is necessary 
there to hire a cleaning lady under a fixed-term contract, 
inasmuch as she also works at an educational institution. 
There is little sense to this, but everything 1s legal. 


The contract system at higher educational institutions is 
the theme of the next article. 


Decisions of the Russian Academy of Sciences 
Presidium 


947A0054A Moscow VESTNIK ROSSIYSKOY AKADEMII 
NAUK in Russian No 4, Apr 1994 pp 381-384 


[Article under the rubric “Official Department”: “The 
Presidium of the Russian Academy of Sciences Decided 
(November-December 1993)"’] 


[Text] To approve the draft of the decree of the Council 
of Ministers-Government of the Russian Federation 
“On Monthly State Scientific Stipends for Prominent 
Scientists of Russia and for Talented Young Scientists, 
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Which Are Awarded by the Russian Academy of Sci- 
ences.’’ A statute on the procedure of awarding these 
stipends has been drafted, the Commission for State 
Scientific Stipends attached to the Presidium of the RAS 
{Russian Academy of Sciences] has been organized, and 
its composition (the chairman is Academician A.F. 
Andreyev, the scientific secretary is V.B. Sokolov), as 
well as the composition of 15 expert councils for state 
scientific stipends were approved. 


To change the name of the Biology Institute of the 
Siberian Department of the RAS to the Institute of the 
Classification and Ecology of Animals of the Siberian 
Department of the RAS (Novosibirsk). The following 
basic directions of scientific research of the institute 
were approved: the study of the biological diversity and 
state of the resources of the animal kingdom— 
classification, fauna studies, ecology, zoogeography; the 
study of the structural functional organization of popu- 
lations and communities of animals, as well as the laws 
of population dynamics; the development of methods of 
the efficient use, monitoring, and preservation of the 
resources of the animal kingdom. 


To order members of the academy (regardless of their 
place of work) to report to the appropriate departments 
of the RAS their long-term (more than three months) 
trips abroad. After returning they are ordered to submit 
to these departments scientific reports on the work done 
abroad. 


To establish in the system of the Russian Academy of 
Sciences ROSSIYSKIY GEOFIZICHESKIY 
ZHURNAL as the organ of the press of the Geology, 
Geophysics, Geochemistry, and Mining Sciences 
Department of the RAS. The Russian Academy of Sci- 
ences, the Geology, Geophysics, Geochemistry, and 
Mining Sciences Department, the Russian Federation 
Committee for Geology and the Use of Mineral 
Resources, and the All-Russian Scientific Research Insti- 
tute of Exploration Geophysics of the Russian Federa- 
tion Committee for Geology and the Use of Mineral 
Resources and the RAS are acting as the founders of the 
new journal. The journal of 10 publisher’s signatures will 
be issued four times a year; the printing is 1,500 copies. 
Doctor of Geological Mineralogical Sciences Ye.P. 
Leman was approved as editor in chief of the journal. 


To support the suggestions on the grouping with state 
science centers of: the Astrospace Center of the Physics 
Institute imeni P.N. Lebedev of the RAS; the Special 
Astrophysical Observatory of the RAS; the Institute of 
Nuclear Research of the RAS; the St. Petersburg Insti- 
tute of Nuclear } hysics of the RAS; the Joint Institute of 
High Temperatures of the RAS; the Institute of Bioor- 
ganic Chemistry imeni Academicians M.M. Shemyakin 
and Yu.A. Ovchinnikov of the RAS; the Institute of the 
Human Brain of the RAS; the Institute of Seismology of 
the Joint Institute of Earth Physics imeni O.Yu. Shmidt 
of the RAS jointly with the Geophysical Service of the 
RAS; the Institute of Nuclear Physics of the Siberian 
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Department of the RAS; the Institute of Catalysis of the 
Siberian Department of the RAS. The suggestions on the 
establishment of the Scientific Instrument Making State 
Science Center after the specification of the composition 
of the participants, as well as the State Science Center for 
Metallurgy on the basis of the Institute of Metallurgy of 
the Ural Department of the RAS, the Institute of Metal 
Physics of the Ural Department of the RAS, the Ural 
State Technical University of the Russian Federation 
State Committee for Higher Education, the Ural Scien- 
tific Research Institute of Ferrous Metallurgy and the 
Ural Scientific Research and Design Institute of the 
Copper Industry of the Russian Federation Committee 
for Metallurgy were also supported. 


To establish that when hiring scientific workers the 
directors of scientific research institutions of the RAS 
can conclude with them fixed-term labor agreements 
(contracts) only in those instances when labor relations 
cannot be established for an indefinite period: for the 
time of the completion of a specific job (for example, for 
the time of the conducting of a specific scientific study or 
development) or with allowance made for the interests of 
the worker (the establishment for him of a higher wage as 
compared with other workers of equal scientific skill as 
him, additional leave, and so forth), as well as in those 
instances that were directly stipulated by the Russian 
Federation Law of 15 September 1992, “On the Making 
of Amendments and Additions to the Labor Code.” 


To relieve Doctor of Biological Sciences L.F. Semerikov 
of the duties of editor in chief of the journal 
EKOLOGIYA of the RAS in connection with the expi- 
ration of the term of office. L.F. Semerikov was thanked 
for fruitful work in this position. 


To approve Academician V.N. Bolshakov as editor in 
chief of the journal EKOLOGIYA of the RAS. 


To implement measures on the organization of the 
accounting and efficient use of the property of the 
Russian Academy of Sciences. Vice President of the RAS 
O.M. Nefedov was charged to prepare the draft of the 
Statute on the Legal Status of Property at the RAS and 
the Procedure of Its Use with its subsequent approval by 
the General Meeting of the RAS, as well as to submit 
suggestions on the organization of the Property Admin- 
istration of the Russian Academy of Sciences, its tasks, 
structure and personnel. 


The directors of scientific centers, institutes, organiza- 
tions, and institutions jointly with the Administration of 
Affairs of the RAS by | January 1994 should complete 
the inventory of the fixed capital (real property) of the 
RAS and its institutions. The directors of the Far 
Eastern, Siberian, and Ural Departments of the RAS 
should also submit by | January 1994 to the Adminis- 
tration of Affairs of the RAS certificates on the inventory 
of the fixed capital (real property) of the scientific 
centers, institutes, organizations, and institutions that 
belong to the regional departments. 
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The Administration of Affairs and the Finance and 
Economics Administration of the RAS jointly with the 
directors of regional departments, scientific centers, 
institutes, organizations, and institutions of the RAS 
have been charged by | February 1994 to carry out by 
means of indexing the revaluation of the fixed capital 
(assets) as of | January 1994. Their balance sheet value 
should be brought in line with prevailing prices and the 
conditions of reproduction for the subsequent submis- 
sion of the results of the revaluation to organs of state 
statistics by 15 February 1994. 


The Administration of Affairs of the RAS jointly with 
the directors of institutes, organizations, and institutions 
of the RAS, which are located in Moscow, should pre- 
pare the necessary documents for the buildings and 
structures that are being leased out by them for their 
registration in Moskomimushchestvo. A procedure of 
the mandatory registration by the Administration of 
Affairs, and subsequently by the Property Administra- 
tion of the RAS of all lease agreements, which have been 
concluded by scientific centers, institutes, organizations, 
and institutions of the Russian Academy of Sciences, is 
being introduced. The Administration of Affairs jointly 
with the Finance and Economics Administration and the 
Property Administration of the RAS, which is being 
newly organized, should draft a statute on the leasing of 
buildings and premises or their letting for temporary use. 


The directors of scientific centers, institutes, organiza- 
tions, and institutions of the RAS should by | February 
1994 submit to the Administration of Affairs (Property 
Administration) of the RAS certificates on the joint 
ventures and small enterprises, as well as commercial 
structures, which operate on the basis of institutes and 
organizations. 


To implement measures on the accounting and registra- 
tion of parcels of land, which belong to the RAS and its 
institutions. By 15 February 1994 the directors of scien- 
tific centers, institutes, organizations, and institutions of 
the RAS should complete the drawing up of documents 
on land use for the purpose of their subsequent registra- 
tion in accordance with established procedure. By | 
March 1994 copies of the documents on land use and 
precise information on the question of their drawing up 
and registration should be submitted to the Administra- 
tion of Affairs (Property Administration) of the RAS. 


The directors the Far Eastern, Siberian, and Ural 
Departments of the RAS also by | March 1994 should 
submit to the Administration of Affairs (Property 
Administration) of the RAS information on the drawing 
up and registration of documents on land use of the 
scientific centers, organizations, and institutions which 
belong to the regional departments. 


The procedure of the mandatory registration by the 
Administration of Affairs (the Property Administration) 
of the RAS of all the lease agreements, which are 
concluded by scientific centers, institutes, organizations, 
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and institutions of the Russian Academy of Sciences for 
the parcels of land attached to them, 1s being established. 


The Administration of Affairs jointly with the Finance 
and Economics Administration and the newly organized 
Property Administration of the RAS should draft with 
allowance made for prevailing legislation a statute on the 
leasing (without the right of purchase) or the letting for 
temporary use of parcels that belong to the RAS and its 
institutions. 


To accept the suggestion of the International Commis- 
sion for Space Research (COSPAR) and the Institute of 
Space Research of the RAS on the establishment of the 
Ya.V. Zeldovich Medal, which is awarded for major 
achievements in the area of the study of space. Young 
scientists from all countries of the world, whose age at 
the moment of its conferring is not over 35, are awarded 
the medal. Every two years seven medals (according to 
the number of thematic commissions of COSPAR) are 
presented, moreover, one of the medals is awarded to 
scientists of Russia. 


To approve the composition of the editorial board of the 
journal VOPROSY FILOSOFII of the RAS. The editor 
in chief of the journal is Doctor of Philosophical Sci- 
ences V.A. Lektorskiy, the responsible secretary 1s 
Doctor of Philosophical Sciences B.1. Pruzhinin 


To approve Doctor of Biological Sciences A.T. 
Mikhaylov (the Institute of Developmental Biology 
imeni N.K. Koltsov of the RAS) as editor in chief of the 
journal ONTOGENEZ of the RAS for a new term. 


To accept the suggestion of the presidium of the St. 
Petersburg Scientific Center of the RAS, which 1s sup- 
ported by the Ministry of Science and Technical Policy 
and the Ministry of Culture of the Russian Federation, 
on the need to grant the Library of the Russian Academy 
of Sciences the status of an especially valuable object of 
the cultural heritage of the peoples of the Russian 
Federation. It was decided to petition the President of 
the Russian Federation regarding the grouping of this 
library with the especially valuable objects of the cultural 
heritage of the peoples of the Russian Federation. 


To approve the Statute on the National Committee of 
Russian Chemists and its composition (the chairman its 
Academician K.I. Zamarayev, the deputy chairman 1s 
Corresponding Member of the RAS B.F. Myasoyedov). 
The National Committee of Russian Scientists is consid- 
ered the legal successor of the National Committee of 
Russian Chemists attached to the USSR Academy of 
Sciences. It has been commissioned to effect the member- 
ship of the Russian Academy of Sciences in the Interna- 
tional Union of Theoretical and Applied Chemistry. 


To transfer the Institute of Physiologically Active 
Substances to the General and Technical Chemistry 
Department of the RAS. 
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To approve the Charter of the Institute of Scientific 
Information on the Social Sciences of the RAS, which 
was adopted by the general assembly of scientific asso- 
ciates of the institute on 29 June 1993. 


To assign to the Scientific Council of the RAS for Wave 
Processes the coordination along the lines of the RAS of 
the scientific support of the devising and development of 
deep-sea facilities for the study of the depths of the world 
ocean in the interests of the national economy of Russia 
and their special-purpose study. The section “Hydronau- 
tics” (the chairman is Academician N.S. Khlopkin, the 
first deputy chairman is Doctor of Technical Sciences 
A.V. Starovoytov) has been formed within this council. 


To approve Doctor of Biological Sciences V.L. Kasyanov 
(the Institute of Marine Biology of the Far Eastern 
Department of the RAS) as editor in chief of the journal 
BIOLOGIYA MORYA for a new term. 


To approve Academician A.I. Takhtadzhyan as editor in 
chief of BOTANICHESKIY ZHURNAL of the RAS for 
a new term. 


To approve Corresponding Member of the RAS R.V. 
Kamelin as editor in chief of the journal RASTITEL- 
NYYE RESURSY of the RAS for a new term. 


To approve Doctor of Biological Sciences N.V. Parin 
(the Institute of Oceanology imeni P.P. Shirshov of the 
RAS) as editor in chief of the journal VOPROSY 
IKHTIOLOGII of the RAS for a new term. 


To relieve Academician V.Ye. Sokolov of the duties of 
editor in chief of the journal USPEKHI SOVRE- 
MENNOY BIOLOGII of the RAS at his personal 
request and in connection with his appointment to the 
position of editor in chief of ZOOLOGICHESKIY 
ZHURNAL of the RAS. V.Ye. Sokolov was thanked for 
the fruitful work in the position of editor in chief of the 
journal USPEKHI SOVREMENNOY BIOLOGII of the 
RAS. 


To approve Corresponding Member of the RAS Yul. 
Chernov as editor in chief of the journal USPEKHI 
SOVREMENNOY BIOLOGII of the RAS. 


To approve Doctor of Technical Sciences P.M. Ivanov as 
chairman of the presidium of the Kabarda-Balkar Scientific 
Center of the RAS. 


To agree with the suggestion of the Economics Depart- 
ment of the RAS, which was supported by the Kola 
Scientific Center of the RAS, on the transformation of 
the Vologda Scientific Coordinating Center of the Insti- 
tute of Economic Problems of the Kola Scientific Center 
into an independent scientific institution and its transfer 
to the Economics Department of the RAS. The following 
basic directions of the scientific research of the Vologda 
Scientific Coordinating Center were approved: socioeco- 
nomic problems of the development of Vologodskaya 
Oblast under the conditions of the expansion of its 
economic independence and the new principles of the 
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federal structure of Russia; the formation of the eco- 
nomic mechanism and the regional structures of man- 
agement of the region; the efficient use of natural 
resources, the distribution and development of produc- 
tive forces; the comprehensive information support of 
the process of converting the national economy to a 
market economy and the development of the informa- 
tion prerequisites of its of its efficient functioning. The 
size of this center in 1994 has been specified as 50 
people. The Finance and Economics Administration of 
the RAS starting on | January 1994 is increasing the 
amounts of financial of 31 December 1994 is increasing 
the amount of financing of the Economics Department 
of the RAS by R18 million a month, having in mind the 
support of the Vologda Scientific Coordinating Center. 


To ask the government of the Russian Federation to 
organize on the basis of the Institute of General Physics 
of the RAS the Interbranch Scientific Center of Basic 
Research and New Technology (GTs “FINT”) with the 
participation of a number of academic and sectorial 
institutes and industrial enterprises. Here the subdivi- 
sions of the Russian Academy of Sciences, which are a 
part of the center, are remaining within it and are 
financed from the budget of the academy. Academician 
A.M. Prokhorov, director of the Institute of General 
Physics of the RAS, is being recommended for the 
position of director of the Interbranch State Center of 
Basic Research and New Technology. 


To form a commission for the formulation of the basic 
principles of the offering of stock in Tsentrakademstroy. 
Within a month the commission should prepare the 
necessary charter documents. 


Soros Foundation Denies Exporting Valuable 
Technology From Russia 


947A0055A Moscow NEZAVISIMAYA GAZETA 
in Russian 28 May 94 p 6 


[Interview with Alex Goldfarb, Director of Foreign Pro- 
grams of the International Science Foundation (the 
Soros Foundation), by NEZAVISIMAYA GAZETA cor- 
respondent Andrey Vaganov, under the rubric ‘“Reper- 
cussions”; place and date not given: “Alex Goldfarb: 
“Our Foundation Is a Private Store.” The Director of 
Foreign Programs of the International Science Founda- 
tion Dispels the Myths’’—first paragraph is NEZAVISI- 
MAYA GAZETA introduction] 


[Text] At the end of May the director of foreign pro- 
grams of the International Science Foundation (the 
Soros Foundation) visited Moscow. By coincidence, 
during his visit the article “‘Domestic Science Adapts to 
the Market. Aid of the West at Times Costs Us Too 
Much” was published in NEZAVISIMAYA GAZETA of 
18 April 1994. The assessments given in it, including of 
the activity of the Soros Foundation—“...the process of 
the penetration of various structures, and first of all 
commercial ones, under Russian science and, of course, 
under the flag of assistance is taking place’—were the 
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subject of the conversation of a correspondent of NEZA- 
VISIMAYA GAZETA with Mr. Alex Goldfarb. 


Goldfarb: The Soros Foundation is often perceived by 
both the press and state structures as a part of the force 
that is contributing to the brain drain and the loss by 
Russia of its intellectual potential. But we have been 
trying all the time to explain to all interested instances 
that the activity of the foundation is aimed precisely at 
counteracting these regrettable phenomena, Mr. Gold- 
farb stresses. 


Vaganov: Did the “instances” actually take an interest in 
your work? 


Goldfarb: Yes, this happens from time to time. True, in 
Moscow it is less: After all, we are accredited under the 
Russian Federation Ministry of Science and Technology 
Policy, and there at the interdepartmental level they are 
probably succeeding in some way in coordinating these 
processes. But in outlying regions such a thing occurs 
quite often. 


For example, just recently at our Novosibirsk Depart- 
ment the chief of the local administration of the Federal 
Counterintelligence Service asked us to produce at once 
lists with an indication of the places of work of all 
scientists who submit applications for grants. 


Vaganov: What was your reaction? 


Goldfarb: If some investigative actions are being con- 
ducted, kindly deal with our lawyer. But if this is a 
general question, let » talk with Moscow. Thus the 
matter subsided. 


Vaganov: In one of the books, which was recently pub- 
lished in Russia and is devoted to the problem of the 
brain drain, it is claimed that in the United States 
recommendations for state structures on the regulation 
of the emigration of Russian scientists abroad have been 
drafted: “Organize sponsor programs that are aimed at 
the monitoring of science in Russia, while interacting 
with selected researchers and scientific administrators.” 
Could you comment on this statement for us? 


Goldfarb: It is difficult to comment on such an assertion. 
I fully assume that in U.S. state structures such recom- 
mendations are being elaborated and considered. But 
this has nothing to do with us. We are a private organi- 
zation, if you wish, our foundation is a private store, the 
fruit of the imagination of a private individual, who 
turned out to have a lot of money. And among other 
charitable programs, which George Soros is organizing, a 
group of American scientists convinced him to allot a 
large sum of money to aid Russian basic science. 


Vaganov: Nevertheless a portion of the information, 
which you are gathering here, is probably also of intelli- 
gence value. How can you guarantee, for example, that 
all the data, which you transmit vie electronic mail, will 
not get to the Central Intelligence Agency? 
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Goldfarb: We cannot guarantee this. The only thing that 
we are asserting with full responsibility is that we are not 
engaged in this. And this is in no way worth the $100 
million which George Soros allocated. It 1s possible to 
gather all these data from the open press, having sat 10 
people down to its analvsis. 


Regulatory legislation 1, aimed first of all not at those 
people who gather the information, but at those people 
who make it available. And if someone offers us infor- 
mation, which contains state secrets, we will be obliged 
to report this to law enforcement agencies. Thus far we 
have not had such cases. 


Vaganov: And still what is the fate of the bank of 
information, which has already been assembled? 


Goldfarb: It is here, in Moscow, in our office. These are 
physical documents. Their copies are in Washington. 
Any researcher, who 1s writing, for example, a philos- 
ophy of science dissertation, can come to us and work in 
this archive. The only restriction 1s that we do not reveal 
the amounts of g ants 


About 90 percent of the applications that come to us are 
admitted to the competition. We pay in the end for about 
20 percent. We immediately reject applied or conversion 
applications. We are not opposed to helping, for 
example, Chelyabinsk or Arzamas, but this is not our 
job. Our job 1s to help those people, on whom state 
structures do not want to spend money. And we are 
trying to maintain very distinctly our “purely basic” 
image and to move as far as possible away from com- 
mercial and applied programs for practical reasons as 
well. In particular, in order not to give bureaucrats from 
the Russian Federation State Customs Committee an 
excuse to impose a duty on equipment being imported to 
Russia. At this specific moment we have at the Sher- 
emetyevo customs house five tons of scientific journals 
from the United States for January - February 1994 in all 
specialties—107 titles. (This year $2 million worth of 
scientific journals were bought. That 1s, practically the 
entire need of Russia for scientific information from 
America was met.) Thus, a telegram arrived from the 
customs house with the suggestion to pay the duty. 
Otherwise all five tons of scientific periodicals will be 
destroyed. Soros gave very precise instructions: Not to 
pay a kopeck of the duty, because he does not intend to 
subsidize state bureaucrats of Russia. If it ends in them 
burning the journals, we will cut off this program. 


Vaganov: Just one thing is unclear: Why 1s Soros taking 
all this trouble upon himself? 


Goldfarb: Last year George Soros earned $600 million. 
Of it he distributed $300 million to charitable programs, 
including $100 million to Russian science. Wealthy 
people engage in philanthropy—this 1s a tradition of the 
West. Soros has no business interests in Russia. Perhaps, 
he wants to go down in history, perhaps, he 1s simply 
such a good person—this is his personal affair, you can 
ask him about this when he comes to Russia 
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Vaganov: What does not suit you most of all in the 
coverage of the activity of the foundation in the Russian 
press? 


Goldfarb: The first myth that exists with respect to the 
foundation is that we are investing mouiey or are buying 
something here. We are not investing money in anything 
and are not getting anything in return: We do not have 
any patents or any rights to intellectual property from 
Russia. Therefore, when people discuss the foundation 
in a context with western firms, which are interested in 
Russian technologies, this has nothing to do with us. 


The second myth is that we represent America. The fact 
that Soros at this moment has proved to be an American 
citizen, has a quite remote bearing on the national 
interests of the United States. The foundation is the 
initiative of a private individual. Soros is pursuing, first 
of all, his own personal interest. In this case, how to 
spend the money which he wrote off from taxes. More- 
over, he has another personal interest—the transition 
from communism to what is called the “open society.” 


Vaganov: But do they get the money for this from his 
financial activity, which is simply not connected with the 
activity of the foundation? 


Goldfarb: It is absolutely not connected. He earns money 
on the currency exchanges in Europe or Hong Kong, or 
on trade in real estate in Mexico, or on gold mines in 
South Africa—there are the basic sources of income. 


Vaganov: As soon as the project with the International 
Science Foundation was conceived, did you foresee such 
an ambiguous reaction in Russia? 


Goldfarb: Of course, for seven or eight years Soros has 
been dealing wit. similar projects. He had already had 
problems in China. In Hungary they simply accused him 
of a Jewish Masonic conspiracy—the polemics over this 
affair have gone on to this day. This 1s natural: After all, 
on the global level we are also not concealing the fact that 
we are advocates of an open society. A rightwing nation- 
alistic ideology like the one that Zhirinovskiy professes is 
hostile to us. But this does not mean that we are taking a 
specific part in the political process. 


EC, CIS Cooperation, Integration in Science, 
Technology 


947400564 Yerevan RESPUBLIKA ARMENIYA 
in Russian 18 Jun 94 pp 2-3 


[Article by Evrik Afrikyan, member, EC Association Scien- 
tific Council, academician, Armenian National Academy of 
Sciences: “European Community and the CIS: Integration 
and Cooperation in Science and Technology”’] 


[Text] The breakup of the Soviet Union, the profound 
disintegrative and destructive processes in the economy 
and industry, resulted in tragic consequences in the 
development of scientific and technical progress. The 
Soviet Union had the most considerable scientific and 
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technical potential in the world: | ‘2 million scientific 
workers, of which two-thirds were in Russia. However, 
most of the funding went to the defense field and the 
needs of the military-industrial complex. The absence of 
a market economy and competition, expressed in the 
centralization of the bureaucracy of the administrative 
system, resulted !n a major gap between theoretical and 
applied development work. Soviet science occupied a 
leading place in theoretical physics, mathematics and the 
development of a number of industrial technologies in 
metallurgy, in the chemical and electrotechnical indus- 
tries, not to mention the rocket-space complex. Eco- 
nomic difficulties and the mass conversion of defense 
enterprises brought about a sharp reduction in the 
funding of science, giving rise to an enormous brain 
drain and losses to the skilled personnel base of scientific 
and technical capabilities. 


The leading capitalist countries interested in the suc- 
cessful implementation of the program for the conver- 
sion of the military-industrial complex and the develop- 
ment of a market economy and democratic institutions 
in our country are applying great efforts in order to 
ensure that these processes take place. In the field of 
science and technology, in addition to a changeover to 
nonmilitary production, a goal which has been set 1s the 
most complete possible use of the capabilities of special- 
ists and scientific research institutes. Great attention is 
being devoted to preventing the leakage of specialists 
from the military-industrial complex to third countries, 
especially with a militarized structure. In order to pre- 
clude such a possibility the EC (European Community), 
United States, Japan and Russia in November | 992 
signed an agreement on organizing an International 
Science and Technology Center in Moscow for ensuring 
conditions for a changeover to peaceful production fields 
of specialists engaged in the sphere of development and 
use of weapons of mass destruction. 


Thus, the assistance and cooperation of the West with 
the scientists and specialists of the former Soviet Union 
takes in a wide range of political and economic problems 
and can be brought about in different organizational 
forms. The first and broadest program for assistance to 
CIS scientists was implemented by the American Soros 
Fund within the framework of the International Science 
Fund which it established. This program includes the 
financial approval of our institutes and specialists both 
on the basis of a rating of scientific publications and 
general biological interests (biodiversity, ecology) and 
individual fundamental research projects. 


The EC countries and other West European countries 
have actively joined in a program of assistance and 
cooperation with the scieatists of Eastern Europe and the 
CIS. This activity is being carried out with allowance for 
the experience of the Soros Fund and other international 
organizations. The program includes 14 countries of 
Central and Eastern Europe and the 12 new independent 
states of the CIS. 
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It must be noted that the problems involved in the 
scientific and technical cooperation between the EC and 
these countries were reflected in corresponding contracts 
and agreements in the field of trade-economic coupera- 
tion. Such pacts were concluded with the Baltic coun- 
tries, Bulgaria, Romania, Albania, Poland and Czecho- 
slovakia. The EC Council of Ministers approved the 
proposal that such agreements be conclided with a 
number of CIS countries. Assigning primary importance 
to the role of science and technology in the development 
of the countries of Eastern and Central Europe and the 
CIS, the EC structure made available great advantages in 
their financial support through the European Recon- 
struction and Development Bank and also the European 
Investment Bank. 


Special purposeful programs of assistance and cooperation 
.n various fields of science and technology at the same time 
began to be drawn up between these countries and the EC. 
The most significant assistance was that to the countries of 
Central and Eastern Europe, afforded by the EC through 
the PHARE (Polish-Hungarian Assistance in Reorganiza- 
tion of the Economy) program. The amounts of assistance 
were rather impressive: 1990—300, 1991—760, 1992— 
1000, 19923—1040 million ECU (1 ECU equals about 1.3 
American dollars). During the elapsed time the assistance 
for scientific research has been: for Hungary—13, for 
Poland—7, for Slovenia—1!.6 and for Romania—! million 
ECU. The sums were allocated for the principal problems 
in agriculture, industry, environmental protection and 
training of specialists. 


Significant sums were allocated for the development of 
humanitarian and economic research. Along these lines 
particular attention is being given to the reorganization 
of the higher education system, for which 25 million 
ECU were allocated in 1991 and 98 million in 1992. A 
total of 637 projects are now being carried out and the 
number of those undergoing advanced training in the EC 
has now reached 1,200 teachers and 1,400 students. The 
training process is carried out under purposeful program 
grants. 


An EC commission is devoting great attention to the 
subsidizing of research in the nuclear safety field. For 
example, for development work in this field during 
1991-1992 16 million ECU were allocated for a nuclear 
power plant in Bulgaria, and for Czechoslovakia (nuclear 
power plants at Bogunice and Temoline}—7 million 
ECU. Twenty million ECU were allocated in order to 
ensure long-term prolonged safety of nuclear reactors of 
the VVER (water-moderated water-cooled power 
reactor) type in Eastern Europe constructed under Soviet 
projects. A number of programs are being implemented 
for the CIS countries. A special EC program on nuclear 
safety has been organized for these purposes which is 
open for participation of all the CIS states. There is a 
separate agreement between the EC and Russia for 
cooperation and coordination of work in this field. The 
EC is participating in the activity of the International 
Center for the Study of Radiation Safety at Chernoby|. 
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In 1992 SO scientific projects were approved with 
funding in the amount of 7 million ECU. 


Within the framework of the TACIS (Technical Assis- 
tance to the CIS) program since 199! 53 million ECU 
have been allocated for improving safety conditions at 
nuclear reactors operated in the CIS. A total of 100 
million ECU have been allocated in order to solve 
problems related to the modernization of VVER and 
RBMK (uranium-graphite heterogeneous single-loop 
boiling-water reactor) reactors, including 20 million for 
the International Science and Technology Center in 
Moscow. An agreement on cooperation among the EC, 
United States, Japan and Russia was signed in Wash- 
ington in July 1992 in creating the International Ther- 
monuclear Experimental Reactor ITER. The work pro- 
gram is to last 6 years at a cost of | billion ECU. Asa 
supplement to this program an agreement was signed 
with Russia on cooperation in work on a controllable 
thermonuclear reactor (tokamak) 


The TACIS program is the broadest with respect to 
financial assistance to the CIS states for economic 
reforms: in 1991—400 million ECU, in 1992—-450 mil- 
lion. During 1991-1992 the program included as priority 
directions nuclear safety, food production and distribu- 
tion, power production, telecommunications, assistance 
to entrepreneurship, etc. 


Beginning in 1991 an EC commission began to work out 
special purposeful programs for scientific and technical 
cooperation with the countries of Eastern Europe and 
the CIS. Within the framework of different programs 
approval was given to joint scientific projects with the 
countries of Eastern Europe and special priority impor- 
tance was assigned to personnel policy. For example, for 
cooperation among the EC countries and Eastern Europe 
more than | 2 000 proposals were received for a total sum 
of 1.7 billion ECL. About 50% of the proposals were 
included in the “Westward Movement’ program, 
including advanced training and work of specialists from 
Eastern Europe in the EC for a period of 3-6 months. The 
EC commission subsidized the work of about 3000 
advanced trainees and specialists. In 1993 this program 
was renewed with the allocation of 10 million ECU. 


In December 1992 the EC Commission approved the 
status of a new organization International Association 
for Assistance in Cooperation with Scientists of the 
Independent States (former Soviet Union), abbreviated 
INTAC. The members of the Association are all 12 EC 
countries and the republics of the former Soviet Union 
INTAC is an organization of the open type for the 
European countries and other institutions. It has already 
been joined by some other European countries which are 
not EC members, as well as a number of large associa- 
tions with the apportioning of dues. The Association 
consists of a Secretariat, Scientific Council and General 
Assembly which approves the decisions of the latter. The 
members of the council, elected on the nomination of 
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Western scientists, are recognized leading specialists in 
individual scientific fields, including recipients of the 
Nobel Prize. The council members from the CIS are: L. 
Faddeyev—mathematics,L. Okun—physics, V. Zubov— 
chemistry, V. Keylis-Borok—earth sciences (Russia), 
Yu. Gleba—biotechnology, A. Guz—engineering sci- 
ences (Ukraine), E. Afrikyan—microbiology (Armenia). 


In accordance with the approved Statutes, INTAC 1s 
carrying out competitions of scientific projects from CIS 
scientists for fundamental and applied problems in the 
following scientific fields (the percentage distribution of 
the number of applications received for the competition 
of 1993-1994 is indicated in parentheses): physics, 
astronomy, astrophysics (19-25); mathematics, informa- 
tion science (10-10); chemistry—-organic and inorganic 
(14-11); natural sciences—medicine, biomedical sci- 
ences, biotechnology, biochemistry (17-17); earth sci- 
ences, environment, power production (15-10); engi- 
neering sciences, aeronautics, space (15-7); economic 
and social sciences and the humanities (10-10). 


The projects and proposals of scientific themes must be 
presented in an approved form from a CIS organization 
(preferably joint projects from its different countries) 
through the main coordinator from an EC country (from 
the EC—not less than 2 collaborators). The principal 
coordinator, who represents a particular project (theme) 
in INTAC is endowed with great rights: he ensures 
funding and administrative-organizational control and 
coordination of work implementation. He approves the 
broadest possible participation of specialists both from 
the CIS side and from the EC. Two forms of project 
presentation have been established: independent 
research projects and projects for inclusion in EC net- 
works functioning as European purposeful and many- 
sided research areas. Among the CIS partners there is a 
clear designation of the project director, its participating 
organizations, the term for the project (usually 2-3 years) 
and the distribution of the announced amount of 
funding. 


The INTAC program has found broad response in our 
scientific community. During 1993 INTAC received and 
examined about 3800 applications from CIS organiza- 
tions for a total sum of 0.9 billion ECU, and in 1994 
about 4800 applications for | billion ECU. The Scien- 
tific Council accepted for funding for 1993 509 projects 
for a total sum of 21! million ECU. A total of 1214 CIS 
organizations and 1754 from EC countries are partici- 
pating in the approved projects. It must be noted that 
earlier, in June 1993, INTAC approved and allocated for 
funding 44 projects from CIS organizations in the 
amount of 4 million ECU. Among these was the Yerevan 
Physics Institute, which is actively worki.2 along these 
lines and which can serve as a good example of the 
development of international cooperation. 


For Armenia as a whole, among the 85 projects sub- 
mitted for 1994 23 have been approved with a funding 
total of about 500 thousand dollars. 
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It is worth noting the great spread in the funding of the 
submitted projects—from 10 thousand to a million or 
more ECU. The average for the projects approved for 
1994 is about 40 thousand ECU. 


At the present time INTAC 1s making vigorous prepara- 
tions for examination of the projects being received for 
1995. In addition to the earlier formulated rather rig- 
orous system for evaluating applications plans call for 
the organization of an institute of experts made up of 
100 specialists for the preliminary examination and 
selection of projects. In the expert evaluation particular 
attention will be given to the level, competitiveness, 
possibility of implementation and scientific and prac- 
tical value of the anticipated results of the project. 
Preference will be given to transnational projects with 
the broadest possible involvement of specialists from 
different EC and CIS countries. !n this connection 
priority importance is being given to projects recom- 
mended for inclusion in ongoing many-sided European 
programs (networks). For the time being the number of 
such projects is small and varies in individual scientific 
fields in the range 1-4%. 


Such a policy is entirely understandable because it makes 
possible a more effective integration of activity, and 
most importantly, the direction of the work of our 
scientific institutes in the problems of interest to the EC. 


The forms and content of screntific and technical coop- 
eration between the EC and CIS are changing and are 
being constantly improved. A number of new many- 
sided programs have been approved and are being car- 
ried out. An example is the PECO program for cooper- 
ation in the field of science and technology with the 
countries of Central and Eastern Europe and the CIS. It 
provides for participation in five purposeful programs 
and many-sided European programs headed by Euro- 
pean scientists and organizations. They take in the 
problems of environmental protection, power produc- 
tion, biomedicine and public health, nuclear safety and 
the humanities. A number of projects provide for the 
work of our specialists at large EC scientific research 
institutes. Another program, COPERNICUS, plans 
cooperation with priority on practical development work 
for the production of new materials, biotechnology prep- 
arations and food products. The presentation and direc- 
tion of the joint projects is assigned to government 
institutes in the individual EC countries. 


It must be assumed that the trend of drawing our 
scientists and scientific institutes into participation in 
existing European projects will be broadened and further 
developed and, bearing in mind the economic difficul- 
ties in the CIS, with the affording of possibilities for 
work at the research and experimental-industrial bases 
of the EC countries. Another factor of no little impor- 
tance is evident: the use of the high scientific and 
technical capabilities of the CIS affords definite advan- 
tages because due to the low salaries of our scientists 
expenditures on their maintenance are relatively low. 
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Taking into account the specifics of conditions in our 
republic, its participation in the programs of the EC and 
other countries has definite special features. We feel that 
the most important approach is a skilful combination of 
the themes of joint projects and grants with the solution 
of vitally important problems in Armenia, especially 
under the Food and Energy Programs. 


To be sure, this does not preclude initiatives for partic- 
ipation in foreign programs and in other fields as well, 
but under the condition that the assumed obligations will 
be met at a due level, taking into account that they must 
not require high consumption of electric power and that 
the necessary resources, personne! and material- 
technical base are available. In this connection the need 
has arrived for working through the problem of orga- 
nizing in the republic international centers, institutes 
and other organizations on the basis of the large scien- 
tific institutes which we have. I am sure that for this 
purpose in Armenia there are large and original schools 
of astrophysics, physics, mathematics, Armenian studies 
and other sciences which can serve as a basis for estab- 
lishing such organizations. 


Incidentally, abroad a thorough study 1s being made of the 
most promising ways to make effective use of the scientific 
and technical potential of the CIS. It is the conclusion of 
competent EC experts that the use of the successes of 
Soviet science in the fields of theoretical physics, mathe- 
matics and biotechnology 1s of primary importance. At the 
present time, with the financial assistance of foreign coun- 
tries, international institutes, centers and joint laboratories 
have been established in the leading universities and 
institutes of the Academies of Sciences of Russia, the 
Ukraine and other CIS republics. I feel that in Armenia as 
well there are the necessary past accomplishments and 
possibilities for such measures. 


Everything stated above dictates the most serious atten- 
tion to the matter of international scientific and tech- 
nical cooperation. Unfortunately, there 1s no proper 
order along these lines, despite its great importance for 
our republic. In the example of EC programs one can 
confirm that in our country this matter has been treated 
lightly and has not been organized at the necessarv level. 


It is a matter of urgency that an organization be estab- 
lished at the state level which would be responsible at 
least for a service providing information on interna- 
tional links, joint projects and other forms of scientific 
cooperation. 


It is very important that this activity conform to a 
unified policy for scientific and technical progress in the 
republic, bring together and coordinate the work of 
different departments, institutes and groups of insti- 
tutes. It is particularly necessary to have a centralized 
information data bank and reliable telecommunications. 
During recent years there has been a sharp increase in 
the sending of specialists abroad, in particular, those 
funded by personal grants. They are poorly monitored, 
and if reports are made at all they are approved routinely 
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and the information brought back is not made available 
to everyone. There is an excessive dissipagion of intel- 
lectual property despite the scanty resources of the 
republic. Not having in mind the usurpation and restric- 
tion of the initiative of scientific workers in the devel- 
opment of international contacts, | emphasize that the 
unjustifiable and spontaneous, sometimes party-to-party 
actions taken 1n this direction may result in the discred- 
iting of our scientific potential. Hence it follows that 
there 1s a need for competent preexamination of pro- 
posed projects, at least in order to preclude duplication. 
Finally, a problem which remains completely unsolved is 
the monitoring of the implementation of approved 
projects, expert evaluation of reports, etc. 


It is evident that our Academy of Sciences 1s destined to 
play a leading role in solving many of the mentioned 
problems. 


In the striving to obtain foreign grants and to be included 
in joint projects in many cases development work 1s 
proposed which cannot be realized under the existing 
conditions. Tasks are proposed which are intended for 
realization at another location, for the most part in 
foreign countries. 


Aside from individual support, which 1s extremely 
important, the appropriations made are intended for use 
at the place where the work 1s done. The well-known 
Soros Fund, for bringing order into these matters, even 
stipulated a recrous requirement: the recipient of the 
grant is obliged to carry out the project at the location of 
his institie vith presence there for a period of not less 
than six months. One of the early edicts of the president 
of Russia established a strict order for the expenditure of 
funding allocated to science solely within the limits of 
the territory of the Russian Federation. It 1s strange but 
a fact: in such a stressed economic situation not only 
foreign exchange but also our own appropriations for 
competitive projects in the republic in considerable sums 
are spent outside the boundaries of Armenia. As a result, 
a great loss is inflicted on the economy of the republic 
and is stripping bare the base of scientific institutes 


This matter requires an edict of the president and strict 
government regulation of the expenditure of sums on 
science. Otherwise efforts to obtain subsidies through 
the channels of the EC and other international organiza- 
tions to a considerable degree will be depreciated. 


There has been no solution for the problems involved in 
ensuring reliable mechanisms for obtaining foreign 
exchange. Because of this many appropriations, espe- 
cially for individual grants, are received with great 
difficulties, through private parties, at times through 
illegal channels. The lack of a well-functioning banking 
system for obtaining grants without a reliable guarantee 
of freedom from taxes, which is necessary for scientific 
subsidies, is preventing the timely receipt of sums from 
the EC. I can say that for this reason there has already 
been more than a half-year delay in the receipt from 
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INTAC of about 30 million dollars for scientific projects 
in the CIS, including more than a small sum for 
Armenia. 


In conclusion, without denying the importance of coop- 
eration with the EC and othei ioreign countries, it is 
impossible to overlook the urgent need for restoring and 
in every way possible developing all forms of scientific 
and technical cooperation with Russia and the other CIS 
states. 


Russian Nuclear Labs Adopt Conversion Programs 


947A0056B Moscow DELOVOY MIR in Russian 
6-12 Jun 94 p 7 


[Article by Leonid Matveyev, candidate of technical 
sciences, and Lyudmila Preobrazhenskaya, candidate of 
chemical sciences, Moscow: “Eight Many-sided Pur- 
poseful Programs”’] 


[Text] The beginning of the nuclear power branch dates 
back to a government decree issued in late 1945. The 
objective was to establish nuclear military production in 
the USSR. The second basic direction in the branch 
came to be the production of nuclear energy. The world’s 
first nuclear power plant with a graphite-water reactor 
was started up near Kaluga in Obninsk city in 1954. The 
signing of agreements on the reduction of nuclear arse- 
nals and the lessening of the rates of development of 
nuclear energy in the late 1980’s made it necessary for 
the branch to carry out a dual conversion for the output 
of nonnuclear products. 


According to data from the Nuclear Energy Public Infor- 
mation Center (TsOI AE), most of the 151 scientific 
research institutes, design bureaus and enterprises of the 
RF Nuclear Energy Ministry already had completed their 
choice of conversion programs by 1990. Accordingly, the 
precipitous conversion of 1992 did not have a strong 
impact on the branch. In 1988 the volume of civilian 
production was about 30%; by 1992 it had risen to 57%. 
During the last three years the volume of commercial 
production has increased by a factor of 30. However, it 
appears that the increase in high-technology production 1s 
insignificant. It is a paradox of Russian (and indeed, 
world) innovations that it is sometimes difficult to intro- 
duce them precisely due to the exceptional character of the 
product, its newness, and the need for adequate and 
naturally, extremely high-cost marketing, advertisement 
and juridical protection procedures. 


The branch worked out a conversion program in 1992. 
Its fundamental objectives were the use of the scientific 
and industrial capabilities of the branch in order to 
accelerate the output of civilian products with a high 
scientific input and the reduction of personnel. The 
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latter is particularly important because about 700 thou- 
sand people live in the 10 closed cities in the territory of 
Russia. There are no alternative jobs for them. The 
overall conversion program consists of eight specific 
purposeful programs. Two of them are nuclear, pro- 
viding for the development of a new generation of 
reactors with enhanced safety characteristics and the 
rehabilitation of areas contaminated by radiation respec- 
tively. The remaining six programs are nonnuclear. With 
total expenditures on implementation of the latter of 
457.6 billion rubles (in the prices of the fourth quarter of 
1992) the enterprises after three years may produce 
goods worth 229.5 billion rubles annually. This means 
that two or three years will be required to repay the 
investment. The purposeful programs have been broken 
down into individual projects with Russian priorities 
taken into account. 


The most important conversion directions are micro- 
electronics, computer and automation equipment. It is 
surmised that by the year 2000 this production at the 
enterprises of the RF Nuclear Energy Ministry will attain 
15% of its total volume in the former USSR and will 
constitute a serious rival to the national electronics 
industry. The possibility of implementing such plans is 
determined by the technologies already existing in the 
branch. For example, unique methods have been devel- 
oped for centrifugal cleaning, sorption-extraction and 
fluoride technologies used in the production of nuclear 
fuel. Their use will make it possible to initiate the 
production of those exceptionally pure substances nec- 
essary for microelectronics as silicon, gallium arsenide, 
germanium, etc. 


It must be said that 200 kinds of the 3,000 especially 
pure substances were earlier imported. The most acute 
shortage in Russia is silicon. It was produced earlier in 
other republics of the former USSR, for the most part in 
the Ukraine. It is proposed that its production be orga- 
nized primarily in the Ural and Irkutsk-Krasnoyarsk 
regions where most of the closed cities are located. 


In the branch scientific research institutes and design 
bureaus technologies are being developed for apparatus 
using nuclear and radiophysical methods for production 
of the microelectronics elemental base. Such as synchro- 
tron and X-radiations, excimer lasers, plasma technolo- 
gies, etc. The volume of production of technological 
equipment planned for 1995 adds up to 4.5 billion 
rubles. 


And these are not only plans. The branch has already 
spent 44 billion rubles on production conversion pro- 
grams, including 30 billion in 1992. The expenditures on 
conversion from all funding sources, including the 
resources of the enterprises themselves, constituted less 
than 17 billion rubles. 
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Purposeful Nonnuclear Conversion Programs. Based on Nuclear Energy Public Information Center Data 


























Program Onset of implementation Total expenditures, Annual production, 
billions of rubles b'iions of rubles 

Microelectronics 1989 75.1 49.8 

Machine building for nuclear enterprises 1990 15 42.9 

Fiber optics equipment 1990 26.1 38.8 

Promising materials . 1990 78.5 60 

Medical equipment 1992 26.1 37.1 —_ 

Electrogas equipment 1993 1.9 0.9 

Total 457.6 2950 














There are organizational-financial problems restraining 
the implementation of conversion programs. For 
example, they have not been confirmed as state pro- 
grams and their scope and the sources of their funding 
have not been defined. There are virtually no state 
investments in conversion. Among the branch 5.2 billion 
rubles intended for scientific research and experimental 
design work a total of | billion rubles has been allocated 
for conversion. The Centralized Fund for the Develop- 
ment of Science and Technology amounted to 1.2 billion 
rubles, of which 0.7 billion rubles were allocated to 
conversion projects. The amount of favorable conver- 
sion credit for branch enterprises did not exceed 9 billion 
rubles. 


The nuclear power industry is perhaps the sole branch in 
Russia whose production is not declining. This is in large 
part due to the many-sided conversion programs. There 
is basis for assuming that it is desirable to invest in the 
conversion projects of the RF Nuclear Energy Ministry 
and to afford the enterprises tax advantages. Because 
there is no doubt of the resulting return. 


Russia: Financing Remains Key to S&T Reforms 


947A0059A Moscow NOVAYA YEZHENEDELNAYA 
GAZETA in Russian 29 Jun 1994 pp 1-2 


[Article by Yelena Mirskaya, doctor of social sciences under 
rubric “Sociological Service”: “Academic Science: Collapse 
or Transformation?”’; first paragraph is NOVAYA 
YEZHENEDELNAYA GAZETA introduction] 


[Text] This study was part of an international project: 
“Transformation of Scientific System in East-European 
States,” that was carried out jointly with the Max Planck 
Institute of Social Studies in Cologne, Germany. (End of 
article; for beginning see Nos 8 and 9). 


Pressing Problems of Organization of Academic 
Sciences 


After all of the discussions about the need to transform 
academic science, it was interesting to learn about the 
opinion of scientists themselves on this score: what 
forms of transformation do they consider preferable. 
The choice was actually limited to three variants, and 


preferences were as follows: 50 percent were for acceler- 
ated radical transformations, 30 percent for slow, 
gradual transformations, and 20 percent for retention of 
former academic traditions. 


If we consider that the study covered scientific depart- 
ments, rather than management entities, the adherence 
to “former academic traditions,” let alone when offered 
as an alternative to any transformation, seems to have 
drawn too large a vote. Of course, preferences are notice- 
ably related to age: the older a person is, the greater his 
burden of experience with failure of domestic reforms, 
and the less he tends to approve radical changes in 
general. At the same time, unquestionable support of 
academic traditions was also given by 2 percent of the 
youngest scientists, who evidently view them as the 
standard of scientific endeavors. Radical or conservative 
tendencies turned out to depend little on the positions 
held by the scientists, but on the whole, administrators 
wish for faster changes thn scientific associates. 
Humanitarians appear to be more conservative than 
naturalists. 


On the whole, however, 80 percent of the scientists 
consider transformation to be necessary and they expect 
reforms. What changes do they believe to be the basic 
and most urgent ones? Two open questions were pro- 
posed on this score (i.e., possible answers were not listed, 
and initiative was left to the scientists themselves): what 
should be changed in the management system and in the 
system of funding academic science. As a rule, 10-20 
percent of responders answer open questions in our 
sociological studies, and in this case 44 percent 
responded. Such unusual activity is indicative of scien- 
tists’ concern about this issue. And, although some of the 
suggestions sound like starry-eyed wishes (“to provide 
for a worthy wage level,” “normalization of information 
support,” “expansion of publication possibilities,” etc.) 
or emotional expression of built up stress (“eliminate 
bureaucracy and bureaucrats,” “reduce number of aca- 
demiciaris to one-tenth,” “change everything,” etc.), 
general analysis of positive suggestions gives us a picture 
of desired changes. Of course, the transformation pro- 
cess cannot proceed solely in accordance with scientists’ 
wishes (for example, no one proposed to reduce the 
number of scientists), but they did reveal the greatest 
problem areas in the system of managing science. 
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Without going into detail about the suggestions, let us 
note the persistent desire to separate the aggregate of 
research institutes of the Academy of Sciences and elite 
community of academicians and corresponding mem- 
bers of the Academy, changing the latter into an hon- 
orary club of outstanding scientists that would afford 
only respect to its members. 


In the opinion of responders, it 1s also very important to 
delegate to institutes a considerable part of management 
functions of the AN [Academy of Sciences] Presidium, 
reducing the staff of the management apparatus and 
expenses to maintain it. Institutes must have organiza- 
tional and financial independence which, in some cases, 
should also be granted to different research teams within 
institutes. 


Without radical changes in the principles of funding 
there is no hope for a positive resolution of the crisis in 
science. Scientists propose adoption of a contract system 
of hiring and intensification of alternative funding, dis- 
tribution a large part of the funds through competition 
programs and grants, as well as reduction in number of 
intermediate entities between research teams and funds. 
New forms of funding cannot succeed without effective 
and independent expert evaluations, and the need to 
develop this area was mentioned by many participants in 
the questionnaire. 


The question of which sources of financing are attractive 
to scientists (considering the shortage of budgetary pay- 
ments) and which ones they use should have shown the 
extent to which the scientific community is knowledge- 
able about the new realities and the source of additional 
funding of academic research. The distribution of 
answers was rather trivial: 


1) 81 and 100 percent [respectively] for state budget 
funding; 


2) 65 and 44 percent for state programs and funds; 
3) 62 and 30 percent for foreign programs and grants; 


4) 42 and 27 percent for work by contracts (industrial, 
business); 


5) 15 and 6 percent for establishment of their own 
commercial entities: 


6) 14 and 11 percent for leasing space and instruments; 
7) 2 and 3 percent for other sources. 


In essence, only the first four variants were attractive, 
and they are used the most by scientists. It can be clearly 
seen that in actuality much fewer people make use of 
additional possibilities than would be desired. 


One of the most discussed issues in recent times is the 
question of loss of scientific personnel. Although there 
were several meetings and a committee was even orga- 
nized in 1991-1992 to deal with the emigration problem, 
there is in fact no reliable information about either scope 
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or dynamics. The statistical records on emigrants do not 
single out the category of “scientific associate,” and the 
data for scientists were obtained by a rather arbitrary 
assessment of a group of emigrating “specialists with 
higher education.” 


A sampling of academic institutes revealed the fol- 
lowing: There was no deliberate reduction in staff or 
dismissal in accordance with the article on “Reduction 
in staff’ at any of these institutes in the 1990s: everyone 
who left the institute did so “of their own volition.”’ As 
of March 1994, the number of scientists at the checked 
scientific entities decreased by 22 percent and this, of 
course, was unevenly distributed. Mass departures are 
inherent in several biological laboratories; the staff size 
is virtually stable in departments of institutes special- 
izing in the humanities; and it is more typical for 
scientists from physics institute to switch to other areas 
of endeavor than to go abroad. On the whole, 12 percent 
left the sciences (of course, forever), and 10 percent went 
abroad, and by no means did all those who departed 
emigrate. Although it is known that many scientists on 
long-term assignments or contracted work do not return 
when the scheduled date arrives, according to official 
data the individuals who are currently abroad can be 
classified as follows: 11 percent emigrated, 50 percent 
are contract workers, and 39 percent are on long-term 
assignments. 


Our entire experience in communicating with scientists 
indicates that the people who have gone abroad are not 
lost to our science. 


While there is an urgent need to reduce the number of 
scientific personnel, voluntary departure of some scien- 
tists from science could turn out to be even a positive 
process instrumental in the desired transformation. 
However, one should dismiss unpromising directions of 
research and poorly qualified, static scientists, but the 
responders estimate that scientific leaders and promising 
young people go abroad. The feasibility of judicious 
reductions was indicated by 75 percent of the scientific 
departments. 


Scientists themselves are aware of the destructive effects 
of the Soviet principle of a permanent jo», and half of 
them consider it effective to work by contract. Adoption 
of a universal work-contract system is the only way to 
solve the personnel problem in science that would 
strengthen its collapsing system. 


The scier_tists had some interesting opinions on transfor- 
mation of the social features of research. It is known that 
collective work has always been the dominant principle 
in organizing our research. 


In the course of the survey, the scientists commented on 
the level of collectivity that was typical of their depart- 
ments in 1991 and 1993, and they also indicated the form 
of organization that they considered ideal for their type of 
research. As it was learned, conception of the ideal was just 
the opposite of what was expected. Thus, the ideal of 
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humanitarians precludes entirely the “atomized” [sic] sci- 
entific creativity of scientists who work alone. The min- 
imal (and most widespread—over 40 percent) level of 
interaction consists of joint discussions and debates (c); 
collective and individual work (b) is also typical (about 40 
percent), whereas a rigidly collective organization (a) is 
considered the optimum for a rather large part of the work 
(17 percent). The naturalists believe that a small per- 
centage (2) of absolutely individual work (d) is desirable, 
while the most adequate form of organization is a combi- 
nation of collective and individual work (b—60 percent). 
They consider discussions and debates (c) to be less 
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significant than humanitarians, but the most interesting 
thing is that the former consider rigid collectivity of 
research (a) to be appropriate less often by almost one- half 
than the humauitarians. 


In 1991, the share of rigid collective work in both scientific 
discir'ines exceeded the ideal limit, and by more than 
three times for the naturalists. Obviously, with increase in 
freedom of scientists the distribution of forms of their 
research has come closer to ideal: the share of entirely 
collective work has diminished noticeably, while the share 
of collective-individual is almost at the ideal level. 
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CHEMISTRY 
Method of Using Neural Networks To Find Direct 
Correlations Between the Structures and 
Properties of Organic Compounds 
947M00774A Moscow DOKLAD Y AKADEMI] NAUK 
in Russian Vol 333 No 2, Nov 93 (manuscript received 
4 Aug 1993) pp 176-179 


{Article by I.I. Baskin, V.A. Palyulin, and Academician 
N.S. Zefirov, Moscow State University imeni M.V. 
Lomonosov; UDC 541.6] 


[Abstract] A neural device has been proposed that 1s 
specifically intended for finding dependences of the 
properties of organic compounds on their structures 
directly without first calculating a prespecified set of 
invariants of their molecular graphs. Instead of molec- 
ular descriptors that are invariant to renumeration of the 
atoms in the molecule, the neural device’s developers use 
numbers describing the characteristics of atoms and 
atom pairs (inciuding bonus) within the molecule. In the 
proposed approach, the required invariance of the pre- 
dicted values of a property relative to renumeration of 
atoms is achieved not by preliminary turning of the 
contiguity matrix of the molecular graph in the set of 
invariants but rather thanks to the neural network 
device’s design. Like every neural network, the proposed 
device consists of neurons (functional devices that trans- 
form signals) and a network of contacts (synapses) 
through which the neurons send signals to one another. 
Each signal is characterized by a number (synapse 
weight) times which a signal is multiplied as it passes 
through. Each neuron performs two operations: 1) it 
sums all signals reaching it, and 2) it forms an output 
signal via functional transformation of the resultant 
sum. The neural -etwork is trained by finding those 
synapse weights and neuron activation thresholds that 
when signals describing a chemical structure reach its 
input, will condition output signals corresponding to the 
predicted values of the properties of the given com- 
pound. The proposed neural structure consists of three 
basic functional units: a “brain,” a set of “‘eyes,” and a 
single sensor field. Information about a compound’s 
chemical structure is received by the sensor field. It 1s 
then passed on to the “eyes” and subjected to processing 
that in turn results in a set of signals whose numerical 
values are independent of numeration of the atoms in 
the molecule. These signals then enter the “brain” for 
final processing. At the brain’s output, signals are con- 
ditioned that correspond to the predicted values of the 
given chemical compound’s properties. Thus, as in ne 
conventional approach, a set of invariants of molecular 
graphs is formed in the interim; however, these invari- 
ants are not prespecified and fixed but are rather “‘fine- 
tuned” in response to the predicted properties during the 
training process. A model of the proposed neural device 
was constructed in the form of a computer program ‘_. 
an IBM-compatible PC for the purpose of testing the new 
device’s serviceability. As a test object, the neural ne.- 
work’s developers selected prediction of the boiling 
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point of alkanes because it 1s frequently used to demon- 
strate the advantages of using topological indices. A very 
simple neural device consisting of a “brain,” two “eyes,” 
and a sensor field consisting solely of atom sensors 
conditioning only one signal corresponding to the 
number of hydrogen atoms attached to a given molecule 
was modeled for the tests. The training set consisted of 
74 alkanes (67 training compounds and 7 control com- 
pounds). A generalized delta-rule algorithm was used for 
the training. The first experiment yielded results as good 
as those obtainable by the conventional approach based 
on the use of molecular descriptors (in the given case, 
topological indices). The developers also expressed con- 
fidence in the belief that once the neural device is 
improved by adding additional types of sensors and 
“eyes,” increasing the number of collectors and the 
numbers and sizes of layers of “hidden’’ neurons, and 
using improved training methods, it will yield much 
better results. Figures 2; references 10: 2 Russian, 
8 Western. 


Method for Quick Determination of “’Sr in Sea 
Water 


947M0079C St. Petersburg RADIOKHIMIYA in Russian 
Vol 36 No 1, Jan-Feb 1994 (manuscript received 
9 Jun 1992) pp 48-50 


[Article by F.I. Pavlotskaya and A.I. Moskvin; UDC 
543.52:546.42:551.464) 


[Abstract] Existing methods of determining ”’Sr in sea 
water require up to 14 days to accumulate enough 
daughter "’Y to permit an accurate analysis. A faster 
method has been proposed for determining ’°Sr in sea 
water. The method is based on direct separation and 
radiochemical purification of daughter *’Y. Sea wate) 
samples in volumes up to 35 liters are concentrated by 
coprecipitation with iron hydroxide. Most of the iron is 
removed by sorption on an anion exchange resin con- 
sisting of 9 mol/l HCI. The insignificant amount of iron 
remaining has no effect on the ultimate precipitation of 
yttrium oxalate. To separate °°Y from '**Ce and ?“*Th 
(UX,), the method’s developers selected the method of 
precipitating the said isotopes’ iodates from a nitric acid 
medium. The proposed method's effectiveness was com- 
pared with that of the conventional method in tests 
conducted during a 1981 expedition in the Barents Sea. 
The comparative tests confirmed that the proposed 
method is quicker than the conventional method and as 
accurate. The new analysis method requires 6 to 8 hours 
to implement and can be used to analyze three or four 
samples simultaneously. In tests of the new method on 
35-1 samples of synthetic and natural sea water, the 
proposed method was found to result in a chemical yield 
of yttrium-carrier ranging from 53-63 and 37-69 percent 
respectively (whicn translates into respective averages of 
‘7 +/. 77 and 48 +/- 11 percent). The greatest losses of 
yttrium were observed when iron hydroxides and 
yttrium were separated from large quantities of water by 
decanting. At °’Sr concentrations commensurate with 
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the background level of a radiometric unit with a 4n gas 
flow counter in measurements over the course of 60 
minutes, the proposed method's error did not exceed 20 
percent. The proposed method is thus as accurate as 
methods based on concentrating °’Sr from sea water and 
subsequently separating °° Y (such methods have a chem- 
ical yield of 35-65 percent and an analysis error of 15-30 
percent). Figure 1, tables 4; references 10: 8 Russian, 
2 Western. 


Study of the Composition and Distribution of 
Chernobyl “Hot Particles” 


947M0087A Moscow GEOKHIMIYA in Russian No 2, 
Feb 1994 (manuscript received 21 Apr 1993) pp 252-261 


[Article by V.O. Cherkezyan, L.L. Kashkarov, T.V. Sha- 
layeva, and P.A. Korovaykov, Geochemistry and Analytical 
Chemistry Institute imeni V.N. Vernadskiy, Russian 
Academy of Sciences; UDC 550.4] 


[Abstract] A study examined the composition and distri- 
bution of “hot particles” formed during the accident at 
the Chernobyl Nuclear Power Plant in 1986. Samples of 
soil collected from the area within a 30-km radius of the 
nuclear power plant were collected. A collimated micro- 
radiometer consisting of a DKS-04 dosimeter with an 
SBM-21 detector located in a steel tube-shaped colli- 
mator with an inner opening of 3 mm was used to 
separate particles from the soil samples. In addition, 
type SZ solid-state polymer track detectors were used to 
record the hot particles’ neutron and alpha radiation, 
estimate the hot particle’s alpha activity, and determine 
their size. The hot particles were also subjected to 
radionuclide and elemental analysis on spectrometers 
with DGDK-80 and DGDK-100 Ge(L1) detectors and 
Nokia LP4900B, LP4900, and LP4700 analyzers. A 
Protok gas flow counter was used to measure the hot 
particles’ alpha activity. Plutonium and americium were 
sequentially extracted from aqueous solutions of the hot 
particles in a solution of 0.3 M trioctylamine in cyclo- 
hexane, reextraction into water, and radiometric anal- 
ysis. The maximum number of “‘star’’-type tracks 
ascribed to the effect of the hot particles’ alpha radiation 
was found to be located near the soil surface (1-2 cm 
below the surface). This finding was taken as strong 
evidence in favor of the hypothesis that the activity of 
hot particles contributes greatly to the overall radioac- 
tivity of the soil around the Chernoby! Nuclear Power 
Plant. The hot particles were found to be aspherical with 
a complex pore structure and sections with varying 
reflectivity. Most of the particles were found to range in 
size from | to 10 and 50 to 80 un, which is consistent 
with data published elsewhere. The smaller particles 
were concluded to be particles formed as the graphite in 
the reactor core burned, whereas the large particles, 
which were found to contain uranium and fission prod- 
ucts, were thought to be particles of partially burned fuel. 
Zr, Fe, Ag, Si, Mn, Mo, Ni, and other elements were 
discovered to be present in the particles. Their uranium 
content ranged from 2 to 8.6 percent. The alpha activity 
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of plutonium and americium contained in the hot parti- 
cles was found to range from | to 7 and 0.02 to 0.5 
Bq/particle, respectively. The hot particles’ activity was 
determined to be proportional to their linear dimensions 
to the power 2.28, which was taken as confirmation of 
the hypothesis of the presence of radioactive cesium on 
the surface of hot particles. Figures 6, tables 2; references 
18: 13 Russian, 5 Western. 


Ways and Methods of Prognostic Simulation of 
Chemical Composition of Polluted Ground Water 


947M0085A Moscow GEOKHIMLIYA in Russian No 5, 
May 94 (manuscript received 2 Jul 1993) pp 739-754 


[Article by S.R. Kraynov and B.N. Ryzhenko, All- 
Russian Hydrogeology and Engineering Geology Scien- 
tific Research Institute, Kupavna, and Geochemistry 
and Analytical Chemistry Institute imeni V.I. Vernad- 
skiy, Russian Academy of Sciences, Moscow; UDC 
550.42] 


[Abstract] The possibility of prognostic simulation of the 
changes occurring in the chemical composition of 
ground waters in technogenic situations was assessed by 
synthesizing and analyzing thermodynamic and kinetic 
transport models of the formation of ground waters’ 
chemical composition. It was concluded that any such 
general simulation and prognosis system developed must 
include three subsystems: transport (mass transfer), ther- 
modynamic, and kinetic. The transport subsystem must 
include calculation of the mass transfer of components 
based on the mechanical hydrodynamic parameters of 
diffusion and convective processes and must determine 
the balance of components’ masses at a specified point in 
time and space. The thermodynamic subsystem must 
establish the maximum equilibrium concentrations of 
components at each specified spatial and temporal incre- 
ment in the system and must include specification of the 
balance of masses relative to which the system 1s closed 
and the chemical potentials of components relative to 
which it is open. The kinetic subsystem must establish 
the distribution of concentrations of components tn 
ground waters as a function of reaction rate and time. 
The following source information is needed for the 
calculations required: actual concentrations of compo- 
nents in the incoming water, composition of the rock and 
natural water collectors holding the ground waters, and 
rate of the aqueous phase’s movement in the collector 
rock. The following calculations (steps) must be per- 
formed for each point in time for each point in space: 1) 
the mass transfer of polluted water in the hydrogeochem- 
ical system; 2) changes in components’ concentrations in 
polluted grourd water as a result of mixing of sewage and 
natural waters and the effects of aqueous phase compo- 
nents on one another in accordance with the thermody- 
namic parameters of association-dissociation processes 
and the thermodynamic and kinetic parameters of ox1- 
dation-reduction processes; 3) changes in the mass bal- 
ance of the aqueous phase in accordance with the disso- 
lution rates of the gases and minerals present in the solid 
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phase; and 4) the system’s equilibrium state with the 
component mass balance formulated in steps 2 and 3 
Various types and sequences of calculations are per- 
formed for specific systems depending on the properties 
of the components for which predictions are being made, 
the system’s homogeneity/heterogeneity, and the ground 
waters’ velocity: In cases of conservative systems (1.e., 
systems whose components undergo no or negligible 
hydrogeochemical reactions), only transport models are 
required. In cases of nonconservative components (1.e., 
components that do participate in hydrogeochemical 
reactions) in homogeneous systems forming sparingly 
soluble compounds, the analysis may be restricted to just 
the thermodynamic and geochemical models. In the case 
of nonconservative components whose transformation 
relaxation time in homogeneous systems 1s greater than 
the time required for formation of the polluted waiters 
themselves, a combination of transport mass transfer 
and kinetic models is optimum. In cases of readily 
soluble nonconservative components with congruent dis- 
solution not resulting in the formation of new solid 
phases, thermodynamic and mass transfer models must 
be synthesized. For nonconservative components with 


incongruent dissolution of their compounds, a system of 


mass transfer, thermodynamic, and kinetic models must 
be used. Figures 6; references 27: 12 Russian, 
15 Western. 


Scientists Review Technologies, Environmental 
Impact of Chemical Weapons Destruction 


947M00894 Moscow KHIMIYA 1 ZHIZH in Russian 
No 5, May 1994 pp 33-37 


[Article by N.A. Plate, academician, Yu.A. Kolban- 
ovskiy, doctor of chemical sciences, and A.A. Ovsyanni- 
kov, doctor of physical and mathematical sciences: 
“Blow the Poison Molecule to Smithereens!”’] 


[Text] There will be talk about chemical weapons—toxic 
chemical warfare agents and ways of destroying them. In 
the former Soviet Union and United States alone 
declared stockpiles of toxic chemical agents total 65,000 


metric tons. That means approximately 10 grams of 


toxic chemicals for each of the earth’s inhabitants. In 
other words, each of us can, in principle, be poisoned 
many times over. If these toxic chemicals enter the 
atmosphere, the area up to an altitude of 10 km will 
contain an average of 4 x 10° mg of toxic chemicals in 
every cubic meter, which 1s 40 times the maximum 
permissible concentration. This means that the weapons 
stockpiled by the United States and USSR during the 
past 50-60 years are sufficient to poison everything living 
on our planet. This is precisely why it can be said that the 
problem of destroying chemical weapons has today 
turned out to be a global problem of all humankind. 


All of the chemical weaponry produced in the United 
States is now located on US. territory, and all chemical 
weaponry produced in the former Soviet Union 1s now 
on Russian territory. Thus, it is precisely on the territory 
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of these two countnes that the main world chemical 
weaponry stockpiles are concentrated, and it 1s precisely 
there that they remain to be destroyed. One and the same 
problem 1s facing us and the Americans, and it may be 
said that we are doomed to cooperation in this area. 


All international agreements regarding banning and 
eliminating chemical weapons call for collective moni- 
toring of the process of their destruction. The set of 
different sensors for monitoring the purity of ventilation 
emissions, coolant water, solid waste burial sites, pro- 
duction buildings, transport lines, etc., must be stan- 
dardized. The electronic, optical, and biochemical 
equipment with which monitoring teams are supplied 
must all be equally effective and reliable. 


In addition to the problem of international trust, there 1s 
the problem of society's trust in the procedure developed 
in this country to destroy chemical weapons. How can 
this problem even arise? 


In each country, the development of processes for 
destroying chemical weapons and monitoring the 
destruction procedure is being delegated to organiza- 
tions with stafis of highly trained specialists. Military 
chemists and other specialists in the armed forces are 
also participating in this work. Can the public conscious- 
ness really have any question of trust in its own military 
personnel, scientists, and process engineers? Perhaps. If 
each country uses Its own monitoring process and equip- 
ment, there is an involuntary need to compare them. 
Have our scientists and military personnel thought their 
process through? Have they not done it better in the 
other country? And if they have done it better, then why 
don't we take their process and their monitoring equip- 
ment? In the context of the problem under consider- 
ation, “better’’ means safer, ecologically purer, and more 
economical 


Obviously, the problem of trust (both within each of the 
countries and on an international scale) would be better 
solved within the framework of a single technological 
approach.' Moreover, both countries’ economies could 
only improve with an international division of efforts to 
create an improved process for destroying chemical 
weapons. The economic aspect of the problem might be 
left untouched were it not for the colossal cost of these 
plans. The initial estimate of the American plan for 
destroying toxic chemical warfare agents is about $8.5 
billion, and that will most likely be much lower than the 
final figure 


There is every reason to assume that in Russia, destroying 
chemical weapons will be a very expensive procedure. 
These additiona! costs are painful for Russia's economy. 


So perhaps these costs are not necessary for our two 
countries. Let chemical weaponry lire where it has lain, 
and just ban its use. Unfortunately, the answers to these 
questions lie outside the scope of economics. And other 
questions have arisen. First, have we really ruled out the 
possibility that there are other countries whose leaders 
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want to violate the total ban and use this terrifying 
weaponry of mass destruction? Second, where are the 
guarantees that a stray missile or bullet will not fly into 
the chemical weapons repository during the course of a 
military conflict? Can the possibility of actions by a 
terrorist group or mentally deranged individuals really 
be ruled out? Of course, these scenarios are extreme and 
not very probable; however, they must not be ruled out 
100 percent. 


There is yet another factor that cannot be ruled out. That 
factor 1s corrosion, which will slowly but inevitably 
destroy the metal of tanks, aircraft bombs, rockets, and 
artillery shells containing the toxic chemicals. Thus 
chemical weapons must be destroyed, and the longer it 1s 
put off, the more danger there will be in storing them and 
in the initial stages of the destruction process. 


This process may be promising in one and only one case: 
If it is (either directly or with slight modifications) also 
suitable for performing the tasks that are continually 
arising in modern civilization. Included among them are 
eliminating toxic wastes from different industrial pro- 
cesses; scrubbing toxicants from ventilation and process 
emissions; and finally, clearing the consequences of local 
accidents. 


When the question 1s put this way, 1t becomes obvious 
that the process used to destroy chemical weapons must 
be rather universal. Because all toxic chemicals are 
organic compounds, this means universal methods of 
acting upon organic compounds. But first, there is the 
small digression regarding criticism of a popular miscon- 
ception. In essence, it 1s the attempt to use chemical 
weapons stockpiles to obtain certain useful chemical 
products. In our opinion, this idea 1s without promise 
(with the apparent exception of extracting arsenic from 
lewisite). 


Obtaining even one useful product from each toxic 
chemical would require its own specific processing 
method, which is to say the creation of not just one 
process but a set of different processes. After chemical 
weapons had been destroyed, these processes would be 
left without a “‘raw material’; consequently, these pro- 
cesses have no future. In addition, currently existing 
processes of fine organic synthesis are extremely 
demanding from the standpoint of the quality of the 
starting material. And our toxic chemicals have acquired 
various impurities during the course of their lengthy 
storage and possible transformation. This means that the 
processes will have to be constantly adapted to the 
changing “raw material.” 


There is yet another complication of a strictly chemical 
nature. As toxic chemicals are reprocessed, intermediate 
materials with unknown degrees of toxicity will be 
formed. There are no standards or norms regarding their 
permissible concentrations, and establishing such stan- 
dards and norms would take decades. Finally, the possi- 
bility of negative public reaction when the origin of the 
end ‘“peacetime’’ product becomes known cannot be 
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ruled out. This is particularly true in the case of the 
scenarios that have been discussed regarding using toxic 
chemicals to produce phosphorus-containing fertilizers 
that will eventually transfer the said phosphorus along 
the food chain. 


The conclusion is clear: chemical weapons must be 
completely destroyed by breaking the supertoxicant 
down into simple materials posing little danger, and the 
process of this destruction must be suitable for other 
Situations. 


Chemists know two universal methods of destroying 
organic materials. They are the effect of high tempera- 
tures and deep oxidation. The most effective destruction 
of organic compounds occurs under the combined action 
of high temperature and an oxidizing agent 


High temperature and the presence of an oxidizing agent 
constitute a situation that 1s typical for power plants, 
millions of which are operating successfully in all coun- 
tries. Power plants must not, however, be considered 
chemical reactors, much less reactors in which chemical 
weapons may be destroyed. For this purpose, a power 
plant must be modified significantly. We will consider 
exactly which power plants may be used in the process of 
destroying chemical weapons. 


The highest efficiency power plants known in modern 
engineering are liquid-propellant jet engines and solid- 
propellant jet engines. When a heavy rocket 1s launched, 
several tens of thousands of metric tons of fuel burn up 
in its combustion chamber within a short time. These 
devices are without equal from the standpoint of the 
amount of heat released per unit time per unit volume of 
combustion chamber. At the same time, they are abso- 
lutely unsuitable for lengthy continuous operation as 
part of a process flow. 


We will mention another type of power plant, namely, 
internal combustion engines, which represent the most 
widely used power plants in the world. They include 
diesel engines that unlike rocket engines, can operate 
continuously for long periods. No diesel 1s capable of 
functioning in a corrosive medium, however, and a 
corrosive medium will inevitably be formed when any 
toxic chemicals are burned. 


Successful creation of promising chemical reactors for 
destroying toxic chemicals on the basis of rocket and 
diesel engines would, in our opinion, make it possible to 
approach the solution of yet another important problem. 
In other words, conversion would be helping solve an 
ecological problem, and ecology would in turn facilitate 
conversion. We will note that in this matter, Russian and 
U.S. interests coincide. 


What ecological complications could arise when toxic 
chemicals are burned? The first question is that when 
burning toxic chemicals, will we not be creating xenobt- 
otics such as dioxin or dibenzofuran, which are just as 
hazardous for man and animals? The answer 1s as 
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follows: If toxic chemicals are burned in chemical reac- 
tors based on liquid-propellant jet engines or a diesel 
engine, such products cannot form. In those engines, the 
combustion temperature 1s usually close to 3,000°C. 
Under such conditions, especially given an excess of 


oxygen (air), all xenobiotics are totally destroyed. 


The second question ts won't the toxic products resulting 
from combustion of toxic chemicals, 1.e., phosphorus 
and sulfur oxides and hydrogen chloride and fluoride, 
end up in the atmosphere? The answer 1s as follows: As is 
well known, all of these substances form oxygen when 
they interact with water. Scrubbing acid impurities from 
exhaust gases has long been a traditional problem of 
chemical technology, and it has been solved for many 
production processes. The problem is thus entirely solv- 
able from a technological standpoint. We will also men- 
tion here that the amount of organic compounds (and 
fuel) that will be burned in devices for destroying chem- 
ical weapons is very small compared with the number 
and capacity of all types of power plants. The additional 
load on the environment because of the use of installa- 
tions for destroying chemical weapons will therefore be 
negligible 


What should be feared ts not the burning per se, but 
rather incompetent burning. And this is just what one 
should consider combustion processes conducted at 
moderate temperatures (800 to 1,200°C), where dioxins 
are still relatively stable and the degree of decomposition 
of toxic chemicals under such conditions, even for a long 
time, does not permit reaching permissible concentra- 
tions of toxic chemicals or their decomposition and 
oxidation products. 


The question of engineering risk 1n connection with the 
problem of eliminating chemical weapons, which we 
have touched upon, is of prime importance. The cost of 
a possible accident 1s too high. It is therefore advisable to 
consider this aspect of the problem in greater detail. 


In order to begin destroying chemical weapons by one 
method or another, they must be directed into a process 
train. In the first stage, chemical weapons are removed 
from the casings of artillery shells, aircraft bombs, rockets, 
or tanks. At that moment, the danger is extremely great. 
For this reason, in order to prevent hazardous material 
from getting outside the confines of devices and con- 
necting lines under any circumstances, the pressure in 
those devices and connecting lines must be constantly be 
maintained below atmospheric pressure. 


A technique has been developed for disarming ammuni- 
tion wherein shell casings are frozen with liquid nitrogen 
withou' opening them. They become brittle, after which 
they are crushed in a press and then sent to a furnace. 
But not al! types of ammunition and containers may be 
subjected to this procedure. In addition, safe transpor- 
tation of solid fragments from the press to the furnace is 
only possible given guaranteed maintenance of a low 
temperature for an indefinite period. How to proceed if 
feed to the furnace is interrupted for some reason or 
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other is, for example, not understood. This guarantees 
that the facility’s power supply will be continuous. 
Obviously, if the power supply is interrupted for some 
reason, all ventilation systems will instantaneously stop, 
just as will all of the other components of the process 
flow that safeguard it. 


The power supply of facilities destroying chemical 
weapons should be backed up. In addition, an algorithm 
for safe shutdown and reliable preservation of the pro- 
cess flow in the event of an accident situation must be 
prepared in advance. 


As strange as it may seem, diesel engine-based chemical 
reactors may have a direct bearing on the problem of 


power supply. 


This reactor has come to be known as the “chemical 
compression reactor.” In such devices, toxic chemicals are 
burned together with diesel fuel. The process was tested in 
1991-1993 at institutes of the Russian Academy of Sci- 
ences. The possibility of using chemical combustion reac- 
tors as an electric power source, just as ordinary diesel 
generators are used, was confirmed. In this case, however, 
safety considerations dictate their own conditions. 


Motorists are quite familiar with the differences between 
a diesel and an engine with spark-plug ignition. In the 
former, air is heated in the cylinder by means of com- 
pression, after which special high-pressure fuel equip- 
ment injects diesel fuel through a nozzle inside the 
cylinder. It ignites upon contact with hot air. A gasoline- 
and-air mixture that 1s ignited by a spark and that was 
blended earlier in the carburetor is also fed into the 
cylinders of engines with spark-plug ignition. 


In chemical compression reactors being used to destroy 
chemical weapons, it is dangerous to use high-pressure 
fuel equipment because of the exceptionally high toxicity 
of toxic chemicals. If the mixture of diesel fuel and air 1s 
prepared outside the cylinder, as in an engine with 
spark-plug ignition, how will it ignite during compres- 
sion? There is an answer to this question. An engineering 
solution has been found. A chemical compression 
reactor has certain characteristic features that distin- 
guish it from an ordinary diesel. The cylinder in which 
toxic chemicals burn is separate from the diesel engine 
block, directly in front of it. This operating scheme, 
which is known under the name “crosshead,” is used in 
some types of compressors and ship diesels. 


It is needed in order to keep even the slightest traces of 
toxic chemicals from getting into the oil. For the very 
same purpose, a pressure higher than atmospheric pres- 
sure is created in the diesel’s crankcase (where the oil 1s 
located). 


In our opinion, chemical compression reactors can be, tf 
not the main unit of a process train for destroying toxic 
chemicals, at least an important component of such a 
train and a guarantor of autonomy. When, however, 
such a reactor 1s part of a process flow for destroying 





[his report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














JPRS-UST-94-018 
9 September 1994 


chemical weapons, provisions must be made for two 
things in the event that an accident occurs in the external 
power system, namely, instantaneous shutdown of the 
feed of toxic chemicals and switching of the chemical 
compression reactor’s power supply to a generator that 
should operate on pure diesel fuel. There will be power, 
and the ventilation and exhausi-cleaning systems, fur- 
nace burning the ammunition casings, etc., will continue 
to operate normally. No other chemical reactor for 
destroying toxic chemicals can yet facilitate a facility's 
power autonomy. 


We will now consider what power autonomy provides 
with regard to solving civilian ecological problems. A 
mobile unit to destroy liquid organic waste (or solid 
waste dissolved in diesel fuel) may be sent to any locality, 
plant, or warehouse where chemical wastes have accu- 
mulated. Regardless of the external power system, a 
chemical compression reactor can be started up on pure 
diesel fuel. Afterward, it is switched over to the toxic 
solution, and the systems feeding waste and scrubbing 
the exhaust are powered by the energy produced as a 
result of the chemical compression reactor’s operation. 


It is important that a chemical compression reactor be 
able to operate entirely independently and in various 
modes. It should also operate as part of a system con- 
taining a chemical reactor based on a liquid-propellant 
jet engine. The most reliable liquid-propellant jet 
engines are small engines intended for flight control and 
stabilization of spacecraft. Such liquid-propellant jet 
engines usually consume 100 to 1,000 g of fuel per 
second of operation. Is this a lot or a little from the 
standpoint of the suitability of these devices for 
destroying chemical weapons? 


If the fuel of a liquid-propellant jet engine contains 10 percent 
toxic chemicals, between 10 and 100 g of supertoxicant will 
be burned every second. If a unit with such a reactor operates 
4,000 hours each year,’ its capacity to destroy toxic chemicals 
will be about 1,500 metric tons in a year. 


Such units may be located in mobile factory-assembled mod- 
ules, which increases the reactor’s reliability even more. The 
railroad flatcars or motor vehicles that used to hold large 
rockets may be used as transport vehicles for such modules. 


In both Russia and the United States, a great deal of 
experience has been accrued in the automatic operation 
of such liquid-propellant jet engines even under condi- 
tions of the vacuum of space, which are more complex 
conditions than those in which the chemical reactors 
based on them will have to operate. 


The only thing to which liquid-propellant jet engines are 
unsuited is lengthy continuous operation. That is pre- 
cisely why liquid-propellant jet engines cannot be used 
directly as a chemical reactor. The liquid-propellant jet 
engine must be modified. And combining the efforts of 
two countries with respect to this problem will make it 
possible to reach the goal faster and at a lower cost. 
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Definite progress in modifying liquid-propellant jet 
engines has already been made in Russia. Associates of the 
Petrochemical Synthesis Institute imeni A.V. Topchiyev 
have tested a chemical reactor based on a liquid-propellant 
jet engine. Those authors of this article who participated in 
the tests were surprised that such a reactor could success- 
fully destroy toxic chemicals so effectively. During the 
tests, the concentration of toxic chemicals was reduced 
almost by a factor of | million! As far as we know, this 
indicator may be considered a unique world’s record. 


To summarize, political, military, economic, ecological, and 
engineering aspects of the problem of destroying chemical 
weapons have come into focus. Some of these aspects have 
been touched upon in this article. We think that it will have 
become clear to those who have read it carefully that all 
those aspects of the problem are solvable in principle. 


The facts of history are such that two countries, the United 
States and Russia, have each individually accumulated 
more chemical weapons than have the rest of the world’s 
countries taken together. They accumulated them sepa- 
rately to threaten one another. In our opinion, the best 
evidence of a change in the situation would be joint work 
to destrov the supertoxicants that have been accumulated. 
In looking at the problem, we have no doubt that other 
Russian scientists are ready to do their part to achieve the 
common goal and are ready to create joint intersectorial 
and international teams. 


Footnotes 


1. Perhaps the term “‘single” [yedinyy] is too strict with 
regard to all elements of the scheme; however, there 1s 
no doubt regarding the fact that many elements and 
procedures may be standardized. 


2. In the chemical industry, it is generally accepted that a 
production installation must operate 8,000 hours per 
year. For the given problem, we have cut this figure in 
half and multiplied the time required for preventive 
measures and other maintenance times 10. 


Organic Hydrazine and Hydroxylamine Derivatives in 
a Future Process for Reprocessing Spent Nuclear Fuel 


947M0080A St. Petersburg RADIOKHIMIYA in Russian 
Vol 35 No 6, Nov-Dec 93 (manuscript received 11 Jan 1993) 
pp 11-21 


[Article by V.S. Koltunov and S.M. Baranov; UDC 
547.234+547.238] 


[Abstract] The reducing agents used in existing processes of 
extracting plutonium and neptunium tons have a number of 
shortcomings, including the formation of tron and ammo- 
nium nitrates that in turn lead to increased amounts of salts 
in radwaste solutions, instability in the organic phase, and 
the threat of explosion as a result of the formation of azides 
(hydrazine). It is thus very important that R&D in the 
direction of improving extraction processes include explor- 
atory studies of new high-performance non-salt-forming 
reducing agents of plutonium and neptunium tons. The 
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search should begin with organic hydrazine and hydroxy- 
lamine derivatives, which are capable of comparatively 
quick conversion of NP(VI) into Np(V) and Pu(IV) into 
Pu(V) and thereby stabilize the valence pair Pu(II1)-Np(V), 
which ts most convenient for separating plutonium and 
neptunium from uranium in the operation of reduction 
reextraction in the first extraction cycle. Systematic studies 
of such reactions have demonstrated that their stoichiom- 
etry depends on the ratio of reagent concentrations in the 
starting solution. To date, 16 reactions of hydrazine deriv- 
atives with Np( VI) ions have been studied. Despite the fact 
that the said reactions each proceed at very different rates, 
they all result in the same end product, 1.e., pentavalent 
neptunium, and no formation of Np(IV) is observed at 
conventional temperatures and solution pH levels. This 
finding is evidence of the possibility of well-defined stabili- 
zation of the neptunium in an unextractable pentavalent 
state when substituted hydrazines are used. The fact that the 
Pu(iV) — Pu(IIl) transition occurs much more slowly than 
the Np(VI) — Np(V) transition makes it possible to use 
some hydrazine derivatives for selective reextraction of just 
neptunium while leaving plutonium in the organic uranium 
solution. A number of other studies have also examined the 
general laws and mechanism of the reactions of Np(VI) and 
Pu(I[V) with substituted hydrazines and of Np(V1I) with 
substituted hydroxylamines. Both substituted hydrazines 
and hydroxylamines have proved promising in both com- 
bined extraction of plutonium and neptunmium from solu- 
tions containing uranium and separation of all three ele- 
ments in the first extraction cycle. Tests of combined 
extraction of plutonium and neptunium conducted on a 
pilot extraction unit with a Pyrex-type design and monosub- 
stituted hydrazine derivatives as a reducing agent of Np(V1) 
and Pu(IV) tons have resulted in levels of removal of 
plutonium from uranium between 10* and 10° and levels of 
removal of neptunium from uranium of 200 to 2,000. The 
coefficients of removal of radioactive fission products from 
uranium, plutonium, and neptunium obtained on the pilot 
unit are thus just as high as when conventional reducing 
agents are used. Other important areas in which substituted 
hydrazines and hydroxylamines may find practical applica- 
tion include sorption refining plutonium and neptunium 
(specifically, for reextraction of plutonium from organic 
tributyl phosphate solutions) and alkaline tributyl phos- 
phate washing. Preliminary data indicate that substituted 
hydrazines and hydroxylamines are oxidized by nitric acid 
at a fast pace at room temperature, with HNO, reducing to 
nitrogen menoxide. Organic reducing agents yield primarily 
the very same products as are formed in reactions with 
neptunium and plutonium ions (nitrogen, hydrocarbons, 
alcohols, and aldehydes). The most important conclusion 
emerging from the preliminary studies is that neither 
ammonium and other salts nor other potentially hazardous 
compounds such as hydrazoic acids and azides are formed 
when organic hydrazine and hydroxylamine derivatives 
undergo oxidation. Tables 4; references 25: 24 Russian, | 
Western. 
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Ceramic Phosphate Matrices for Highly Active 
Wastes; Their Behavior Under Hydrothermal 
Conditions 


947MO080B St. Petersburg RADIOKHIMIYA in Russian 
Vol 35 No 6, Nov-Dec 1993 (manuscript received 17 Mar 
1993) pp 120-126 


[Article by A.I. Orlova, V.N. Zyryanov, A.R. Kotelni- 
kov, V.T. Demarin, and Ye.V. Rakitina; UDC 
621.039.7:666.8:546.183] 


[Abstract] In an effort to find new materials that can be 
used to bind the radionuclides present in high-level radio- 
active waste, researchers studied the following zirconium 
phosphates belonging to the NZP family: NaZr,(PO,),, 
Nay 7Ky ,Zr,(PO,),, CsZr,(PO,),, and 
Cs» gSto Nd, ,Zr, gNb, ,(PO,),. The NZP phosphates’ 
chemical stability under hydrothermal conditions was 
evaluated in dynamic and static modes at temperatures up 
to 400°C and pressures up to 600 atm. Specimens of all 
four study phosphates were studied in the form of sintered 
tablets with a relative density of 85-90 percent. The 
specimens were subjected to atomic absorption analysis 
(with a Perkin-Elmer 603 spectrometer) for detection and 
quantitative determination of sodium, potassium, cesium, 
and strontium. The rates at which alkaline cations leached 
out of each of the specimens were also calculated. At the 
conclusion of the experiments, all of the specimens were 
subjected to x-ray phase analysis and infrared spectros- 
copy. All of the phosphates studied proved to be highly 
corrosion resistant. The rate at which sodium, potassium, 
and cesium leached out of the specimens was calculated to 
be 10° to 10° g/cm?/day. This rate remained stable even 
when the phosphates’ composition was altered, the tem- 
perature was raised, and the factor of irradiation was 
introduced. Leaching of cesium from irradiated and irra- 
diated specimens of CsZr,(PO,), was virtually the same. 
The phosphate specimens maintained their stability in 
water at absorbed doses of up to 10° Gy (from a °°Co 
source). Leaching of sodium from the phosphates was 
observed to be somewhat higher than leaching of cesium 
and strontium. The x-ray phase analyses and infrared 
spectroscopy studies performed confirmed that exposure 
to hydrothermal conditions did not cause the phosphates 
to crack, chip, or fracture. Figures 3, tables 4; references 
19: 7 Russian, 12 Western. 


Possibility of wg ey bed Near-Surface Laboratory 
for Long-Range Full-Scale Tests of Solidified 
Radwaste 


947MO0080C St. Petersburg RADIOKHIMIYA in Russian 
Vol 35 No 6, Nov-Dec 1993 (manuscript received 25 May 
1992) pp 127-130 


[Article by I.A. Sobolev, A.S. Barinov, M.I. Ozhovan, 
and O.G. Batyukhnova; UDC 621.039] 


[Abstract] To study the possible use of near-surface rad- 
waste repositories, the Radon Scientific Production Associ- 
ation [Radon NPO] is conducting long-range tests of solid- 
ified radwaste for the purpose of determining the reliability 
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of radionuclide immobilization and evaluating the potential 
threat posed by solidified radwaste to the environment. At 
the test repository site, solidified radwaste is exposed by two 
methods. The first corresponds to conditions approximating 
those of actual near-surface burial. Study samples are 
located at depths up to 2 m under a cover of clayey soil. The 
samples are place on metal trays so that all of the water with 
which they come in contact can be collected. The second 
exposure method is that of open exposure of samples on 
trays so as to place them at maximum exposure to atmo- 
spheric factors. Among the samples currently being exposed 
at the test repository site are samples of cement-, bitumen-, 
and glass-encased radwaste from nuclear power plants with 
channel-type (RBMK) and water-moderated, water-cooled 
(WWER) reactors. The primary purpose of the long-range 
tests 1s to determine the validity of current theory regarding 
the mechanism and rate of leaching of radionuclides from 
solidified radwaste located in repositories. Because the tests 


have only been in progress for a relatively short amount of 


time, they should be viewed as just the initial stage of a 
lengthier experiment. Systematic work conducted at the test 
repository site thus far has demonstrated the need for 
increased controllability of variables dictating storage con- 
ditions and their range of variance. A special near-surface 
laboratory would seem to be one feasible way of achieving 
increased controllability. For this reason, the Radon NPO ts 
planning to construct a near-surface laboratory that will 
ensure the following climatic and hydrological parameters: 
yearly air temperature amplitude, 60°C; average yearly 
precipitation, 580 mm/y; average yearly soil temperature, 
4.5°C; and depth of seasonal freezing layer, up to 0.7 m. The 
test site will be located on a ground water divide and will 
have poor surface run-off. The clay soil cover will be 2 to 11 
m thick and have a moisture content of 20-30 percent. The 
ion exchange system will consist of Ca*", Na’, Mg?’, and K’ 
cations. The planned laboratory will be a complex consisting 
of an underground gallery, ground-level buildings, and a 
system of wells and control boreholes. The proposed labo- 
ratory should make it possible to greatly increase knowledge 
regarding the effect of radioactive wastes on the environ- 
ment. Figures 2; references 7: 6 Russian, | Western. 
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Intensification and Explosionproofness of 
Oxidation and Vinylation Processes 

947M0084A Moscow TEORETICHESKIYE OSNOVY 
KHIMICHESKOY TEKHNOLOGII in Russian Vol 28 
No 3, May-Jun 1994 (manuscript received 25 Feb 1991) 
pp 288-294 


[Article by M.A. Glikin, A.D. Tyulpinov, and Z.N. 
Memedlyayev, State Chemical Processes Scientific 
Research and Design Institute, Severodonetsk, Ukraine; 
UDC 614.841.41.66] 


[Abstract] Explosionproofness 1s a primary concern 
when designing chemical processes such as oxidation 
and vinylation. If an industrial process requires the use 
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of a working mixture within explosivity bounds, explo- 
sionproofness is achieved by localizing the flame in 
specified legs of the process flow. Packed flame barriers 
are most often used for this purpose. The selection of an 
effective synthesis regimen is generally based on familiar 
kinetic equations of the end reaction and are represented 
in the form of exponential dependences of explosivity 
bounds. Boundary conditions of the possibility of 
boosting process efficiency have been established. The 
following are represented in the mathematical descrip- 
tion of these conditions: reaction order, activation 
energy of the end reaction, and baric and thermal coef- 
ficients of the change in working mixtures’ explosivity 
bounds. The possibility of controlling the efficiency of 
processes conducted outside explosivity bounds by 
increasing the temperature and pressure was analyzed on 
the basis of the said mathematical description. For 
reactions with a total order of 0 to 3 (reactions desig- 
nated by a plus sign), positive solution of the problem is 
possible in most cases. In situations designated by a 
minus sign, on the other hand, the rate of the end 
reaction may be increased by reducing the pressure or by 
taking some purposive action (for example, catalysis) 
that will achieve a kinetic dependence of the required 
type. In this manner, a process's efficiency may be 
boosted while at the same time maintaining its explo- 
sionproofness. In cases where a process involves a 
working mixture within its explosivity bounds, the key 
parameters are composition of the mixture and ratio of 
possible rates of heat release and heat removal. Con- 
ducting synthesis processes in a fluidized bed with max- 
imum porosity makes it possible to create an explosion- 
proof process. The effectiveness of such a process 1s 
guaranteed by using the reagent ratio dictated by the 
kinetics of the end reaction. This process of synthesizing 
vinyl acetate can serve as an example: when the reaction 
rate is increased by altering the process pressure, the 
process becomes explosionproof without undergoing any 
change in its technical and economic indicators. For 
processes conducted with mixtures within the explo- 
sivity range (all the way up to stoichiometric fuel- 
oxidizer ratios), the use of catalytic heat generators 1s 
effective. Figures 4, tables 3; references 6 (Russian). 


Aplanatic Lenses Having a Radial Gradient in 
Refractive Index, Formed by lon Exchange 
Na™ pass - Li’ nett 

947MO0075A St. Petersburg FIZIKA 1 KHIMIYA 
STEKLA in Russian Vol 20, No 1, Jan-Feb 1994 
(manuscript received 24 May 1993 pp 80-91 


[Article by V. M. Maksimov, P. M. Valov, R. A. Nakh 
apetyan, S. F. Grilikhes, Ye. A. Marchuk, and K. V 
Grigoryev, Growth Polymers Technological University, 
St. Petersburg] 


[Abstract] During the past two decades much research 
has been conducted on gradiented optical elements. The 
simplest such element consists of a cylinder with flat 
ends having a radial distribution of refractive index 
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approaching that of a parabola. The most effective 
means of forming a radially distributed refractive index 
is ion exchange between a glass and a melt of salts having 
monovalent cations. For this purpose Li’, Tl’ or Ag,.,,." 
~ Na’ je are used to give a negative radial gradient in 
refractive index distribution. With exchange of thallium 
and silver ions for sodium it is possible to obtain large 
values in refractive index gradient and correspondingly 
high aperture values. However, the toxicity of thallium, 
the tendency of silver to form colloidal particles in glass, 
and the low diffusion coefficient places certain limita- 
tions on their use. In the present work results are 
presented on developing single lens optical systems 
having a positive refractive index gradient formed with 
the title ion exchange. Optical and diffusive properties of 
glasses required in the preparation of gradiented lenses 
having minimum wave aberrations at moderate refrac- 
tive index gradient are examined. It was demonstrated 
that it 1s possible to form a refractive index distribution 
which compensates for aberration in the initial lens in 
the case of a non-linear relationship between the coeffi- 
cient of diffusion and the concentration of the exchange 
cation in the glass. Parameters for aplanatic lenses 3.6 - 
21 mm in diameter are listed. Figures 6; references 25: 
14 Russian, || Western. 


Reaction of Diamond With Finely Divided Metals 
of the Iron Group in Hydrogen Atmosphere 
947M00764A Moscow NEORGANICHESKIYE 
MATERIALY in Russian Vol 30, No 4, Apr 1994 
(manuscript received 11 Oct 1993) pp 435-438 


[Article by V. M. Sonin and A. I. Chepurov, Mineralogy 
and Petrography Institute, Novosibirsk; 
UDC542.941:546.26-162] 


[Abstract] The hydrogenation of solid carbon has been 
well studied in connection with the preparation of syn- 
thetic fuels. The minimum temperature at which 
methane is formed depends on the allotropic state of the 
carbon and increases in the series amorphous carbon- 
graphite-diamond. Graphite becomes gasified at temper- 
atures above | 000° C; diamond at 1 200° C or higher. But 
even at 1500° C, diamond reacts only insignificantly 
with hydrogen. The hydrogenation temperature 1s mark- 
edly reduced in the presence of metallic catalysts. In this 
case the process depends on the structure of the initial 
carbon, the type of metal catalyst, and method of hydro- 
genation. The mechanism of catalytic hydrogenation 
involves dissolution of carbon in the metal, diffusion of 
carbon atoms through the metal catalyst, chemosorption 
and desorption of molecular hydrogen on the metal 
surface, and formation of methane. In the present work 
a study was made of the catalytic activity of finely 
divided iron-nickel-cobalt catalysts and the diamond- 
metal contact surface during hydrogenation of diamond 
in hydrogen atmosphere. The results demonstrated that 
these catalysts are active and diminish in the series 
Fe-Co-Ni. The metals reacted with diamond in the 
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presence of hydrogen resulting in very unevenly etched 
surfaces whose profile 1s determined primarily by the 
inner structure of the metal. Figures 2; references 12: 4 
Russian, 8 Western. 


Indium Antimonide Single Crystals Grown by 
Czochralski Method in Magnetic Fields 
947M0076B Moscow NEORGANICHESKIYE 
MATERIALY in Russian Vol 30, No 4, Apr 1994 
(manuscript received 1 Nov 1993) pp 460-466 


[Article by V. S. Zemskov, M. R. Raukhman, I. M. 
Arsentyev, and Ye. S. Yurova, Metalllurgy Institute 
imeni A. A. Baykov, Moscow, Rare Metal Industry SRDI 
(State), Moscow; UDC621.315.592+537.84:548] 


[Abstract] One of the most important problems 
remaining in semiconductors is that of increasing uni- 
formity in the distribution of electro-physical properties 
of single crystals grown from melts by the Czochralski 
method. The degree of crystal uniformity predetermines 
greatly the parameters and yield of acceptable devices. 
The single crystals must be both transversely and longi- 
tudinally uniform because devices are usually prepared 
from disks cut perpendicular to the direction of single 
crystal growth. In the present work a special setup was 
developed for growing single crystals of indium antimo- 
nide of up to 50 mm diameter by the Czochralski 
method under a steady magnetic field longitudinal or 
transverse in respect to the growing axis of the single 
crystal. It was demonstrated experimentally that single 
crystals of n-InSb where n = 8 X 10'*- 3 X 10 '° cm’ and 
having a radial micro non-uniformity in specific resis- 
tance value of 10 percent or less may be prepared 1n 
vertical magnetic fields having a induction of 0.4 tesla 
unit. The yield of samples having this uniformity com- 
prises about 30-35 percent; in the absence of a magnetic 
field it does not exceed 10 percent. The increase in radial 
micro-uniformity in samples prepared 1n a vertical mag- 
netic field 1s apparently due to its higher degree of 
symmetry as compared to a transverse field. Figures 4; 
references 26: 24 Russian, 2 Western. . 


Increasing the Curie Temperature of CdCr,Se, 
While Doping With Gallium 

947M0076B Moscow NEORGANICHESKIYE 
MATERIALY in Russian Vol 30, No 4, Apr 1994 
(manuscript received 26 Aug 1993) pp 484-488 


[Article by D. A. Tarkhov, G. I. Vinogradova, V. G. 
Veselago, T. K. Menshchikova, G. F. Gubskaya, and E. 
G. Zhukov, General Physics Institute, Moscow; General 
and Inorganic Chemistry Institute 1meni N. S. Kurna- 
kov, Moscow; UDC546.763.482°231] 


[Abstract] Dichromium cadmium tetraselenide crystal- 
lizes in a normal spinel structure and is a magnetic 
semiconductor with ferromagnetic ordering at tempera- 
tures near 130 K. The magnetic matrix of the crystal is 
formed by Cr@* ions, conductivity is zone type, and the 
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forbidden zone width is 1.34 ev at 300K. Charge carriers 
have been observed to interact strongly with localized 
spins of magnetic ions. This causes various cross effects, 
particularly the effect of non-equilibrium charge carriers 
on magnetic exchange and the Curie temperature, which 
has been demonstrated to vary linearly with the degree of 
doping with silver and indium. In the present work it was 
demonstrated that it is possible to dope spinel CdCr,Se, 
single crystals with gallium by calcining. A study of the 
effects of calcining in vapors of metallic gallium and 
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various combinations of gallium and gallium selenide on 
the Curie temperature of dichromium cadmium tetrase- 
lenide revealed a significant increase in Curie tempera- 
ture after calcining in the presence of metallic gallium. 
Calcining with gallium selenide or gallium selenide and 
elemental selenium results in a drop in Curie tempera- 
ture analogous to that of doping during crystal growth 
from melts. A mechanism for the change in magnetic 
properties resulting from doping is presented. Figure 1; 
references 18: 14 Russian, 4 Western. 
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COMPOSITE MATERIALS 


A Quality-Control Method for ‘Prepreg’-Class 
Composite Materials 


947D0036A Yekaterinburg DEFEKTOSKOPIYA 
in Russian No 1, 1994 pp 50-51 


[Article by V. M. Popov, N. Ye. Peskov, and Ye. N. 
Lushnikova, Voronezh Institute of Forest Engineering; 
manuscript submitted 7 Apr 93; final version resub- 
mitted 28 Jul 1993; UDC 620.179.14; first paragraph is 
author-supplied abstract] 


[Text] A quality-control method for ‘prepreg’ com- 
posite materials is proposed. The method is based on 
determining internal stresses in a test piece consisting of 
a layer of test material bonded to a metal substrate. 


Long-term programs in the area of new technologies call 
for improving the quality indicators of engineering mate- 
rials that have recently been extensively adopted in 
modern machinery and equipment manufacturing. 
“Prepreg’’ composite materials (binder-impregnated 
fibrous filler), which are used in critical aviation and 
aerospace applications, play an especially important role 
in the ongoing effort to increase serviceability. 


The increased demands being placed on the quality of the 
products made from these composites can be met by 
utilizing information about the kinetic characteristics 
exhibited by these materials as their physical and mechan- 
ical properties change during the curing process. The 
internal stresses present in the final products made from 
these types of composite materials present the greatest 
interest. These stresses arise due to differences in the 
deformation characteristics of the components when 
exposed to different temperatures, moisture, external 
loads, and the aging process of the component itself. 


Obtaining information about the relationship between 
time and the development of internal stresses in com- 
posites makes it possible to predict the durability and 
reliability of products made from them. Knowledge of 
the physics involved in the process of internal stress 
formation also affords the possibility of fabricating com- 
posite components with specific characteristics. 


To this end, a cantilever-based method for determining 
internal stresses in polymer materials, which was devel- 
oped for prepreg material quality control [1], was uti- 
lized on a specially designed testing system consisting of 
a load cell, a Shch-301 digital capacitance meter, and an 
MS-12-12 class computer-based data- acquisition 
system. The testing system is built around the capacitor- 
simulating load cell, which has a metal base that supports 
a brass plate with a teflon substrate and a gripping 
device. The test specimen is a metal wafer 10 cm long 


JPRS-UST-94-018 
9 September 1994 


and | cm wide with a wafer of prepreg material affixed to 
it; the prepreg acts as the polymer coating. 


Internal compressive stresses arise in the prepreg binder 
as it cures, bending the test specimen. As the end of the 
specimen bends, the change in capacitance, which 1s 
constantly being recorded and processed by the data- 
acquisition system, yields data on the kinetics of internal 
stress formation in the prepreg material. 


The formula used to calculate the internal stresses that 
arise in those places where the material of the prepreg is 
joined to the metal wafer is 


6 = hE, t*/317(t + At)At + hE,(t + At)/I?, where E, and E,, 
respectively represent the modulus of elasticity of the 
material and of the prepreg; t is the suistrate thickness; 
At is the thickness of the prepreg; | is the specimen 
length; h is the magnitude of deviation of the free end of 
the specimen. 


When preparing the testing system for use, the load cell 
is calibrated to establish the relationship between the 
magnitude of deflection of the free end of the specimen 
and capacitance. 


The test system was used to study the processes of 
internal stress formation in the prepreg material as a 
function of open curing time and temperature. The test 
specimens consisted of a wafer of brass foil 0.35 mm 
thick and a wafer of prepreg material 0.2 to 0.4 mm thick 
bonded together by the binder used for impregnation. 
Different modifications of the prepreg were tested, 
including binder-impregnated glass fibers, EDT- 
69N-PO.1, and EDT-69N-LU-PO.2 prepregs. 


Figure 1 shows the relationship between internal stresses 
and curing time at a test temperature on the order of 
90°C. It can be seen that a pronounced increase in 
internal stresses as a function of curing time is typical for 
the test material. In the EDT-69N-PO.1 material, due to 
volumetric expansion, internal stresses at first decrease, 
then grow rapidly. In the EDT-69N-LU- PO.2 material, 
the forces of volumetric expansion have the predomi- 
nant effect on the adhesion process. 


Figure 2, which presents similar results at 120°C, reveals 
more pronounced internal stress values formed during 
the adhesion process. 


In conclusion, it can be said that the method proposed 
makes it possible to obtain time-relevant information on 
internal stress formation. Analysis of the internal stress 
data obtained can also be used to evaluate the quality of 
individual batches of composite materials. 
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Puc. 1. 3apucuMoctb BHYTpPCHHHX Hampa- 
*CHHif OT BPCMCHH BEINepxAKKH npn 90° C: 
/ — creknososoKno; 2? — 90 T-69H-M0.1; 

3 — SAT-69H-1Y-N0.2. 


Fig. 1. 


Internal stresses as a function of curing time at 90°C: | - 
glass fiber; 2 - EDT-69N- PO.1; 3 - EDT-69N-LU-PO.2. 





Synthesis of Electrically Smelted Cordierite Glass and 
Comprehensive Study of Its Behavior When Heated 


947D0038A Moscow OGNEUPORY in Russian 
No 5, May 1994 pp 11-13 


[Article by U.B. Ashimov, candidate of technical sciences, 
O.Z. Arymbayev, candidate of technical sciences, Yu.A. 
Bolotov, candidate of technical sciences, V.V. Gyunter, 
candidate of technical sciences, and V.A. Nekrasov, candi- 
date of technical sciences, Alma-Ata Institute of Energetics, 
Kazakhstan; UDC 666.651.2:549.632] 


[Abstract] Cordierite glass was synthesized by smelting a 
mixture of calcined serpentine (46.41 % MgO, 43.46 % SiO,, 
5.98 % Fe,0;, 4.0 % Al,O,, 1.15 FeO, 1.14 % CaO) + quartz 
sand (94.51 % SiO,, 1.77 % Al,O,, 0.31 % CaO, 0.27 % 
Fe,0, , 0.20 % MgO) + alumina (99.50 % Al,0;, 0.06 % 
Fe,O, in an electric-arc furnace. The furnace was a scaled- 
down model of the experimental OKB 2126 furnace. 
Smelting with a current of 200 A at a 250 V operating 
voltage produced in a time not longer than 20 min a glass 
block weighing 25 kg with an up to 5 mm thick crust. The 
chemically almost homogeneous material (49.20 % SiO, , 
32.02 % Al,O,, 12.24 % MgO, 2.11 % Fe,0,, 1.73 % FeO, 
0.86 % CaO) was translucent brown and almost nonporous 
(only slightly microporous). It was heated in air from room 
temperature up for a study of temperature-dependent struc- 
tural and phase transformations. The methods employed for 
this study were thermal dilatometry and differential thermal 
analysis at a heating rate of 10°C/min, x-ray phase analysis 
in a DRON-2.0 diffractometer with a CoK,-radiation 
source, infrared spectrometry, and petrographic analysis. 
Thermal dilatometry and differential thermal analysis 
revealed an endothermic effect within the 770-865°C range 
with maximum intensity at 825°C and an exothermic effect 
within the 960-1030°C range with maximum intensity at 
1000°C. With rising temperature dilation was found to 
proceed first at a constant rate up to 460°C, then to slow 
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Puc, 2, 3aBHCHMOCTb BHYTPeHHHX Hanpa- 
Keil OT BpemeHH BbIJepAKH npH 120° C: 
/ — cTeK.10p020KHO: 2 — SJLT-69H-110.1; 

3 — ST-69H-1Y-M0.2. 


Fig. 2. 


Internal stresses as a function of curing time at 120°C: | 
- glass fiber; 2 - EDT- 69N-PO.1; 3 - EDT-69N-LU-PO.2. 





down and be followed by shrinkage within the 600-730°C 
range, then to resume again at a higher rate and be inter- 
rupted by steep shrinkage at 810°C. Accordingly, 5 mm large 
specimens of the original glass material were calcined at 
600,820,900, 1 100,1250,1350°C for two h at each tempera- 
ture. Calcination was found to alter the behavior of the 
material with rising temperature, evidently owing to struc- 
tural and other changes. The infrared spectra and the x-ray 
radiograms indicate that the original material consists of 
two phases: cordierite and a cryptocrystalline amorphous (at 
x-ray level) phase with a quartz structure. Calcining at 
temperatures up to 900°C did not produce any noticeable 
changes in the infrared spectrum but did appreciably change 
the x-ray diffraction pattern. Both changed after calcination 
at temperatures within the 930-1030°C range. The 1250- 
1350°C calcination temperatures were found to coincide 
with temperatures at which the FeO — Fe,O, transforma- 
tion takes place in an oxidizing atmosphere, with attendant 
entrapment of MgO and residual FeO. Material calcined at 
1350° was found to contain 95-97 % crystalline B-cordierite 
with sectoral twinning into a pseudohexagonal habit, 1-3 % 
spinel (Mg,Fe)Al,O,, 1-2 % cryptophase and/or glass. Cal- 
cination of 5 mm large pieces at 1350°C revealed a uniform 
crystallization from the periphery 4 mm deep toward the 
center, extending the calcination time beyond 2 h not 
having enhanced the crystallization process. It is accord- 
ingly advisable to limit the grain size of synthesized cordi- 
erite glass to 5-6 mm. Figures 3. 


Estimating Life of Structural Ceramic on Basis of 
Dynamic Fatigue Test Results 

947D0038B Moscow OGNEUPORY in Russian 

No 5, May 94 pp 14-18 


Article by Yu.I. Dobrinskiy, doctor of technical sciences, 
V.V. Vikulin, and V.N. Rudykina, Joint Scientific- 
Industrial Enterprise “Tekhnologiya [Technology]” 
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[Abstract] Considering that ceramic materials are struc- 
turally weak due to their low intrinsic cracking resistance 
and defect formation during the technological process, 
the life of ceramic products needs to be and is being 
estimated by testing them prior to their assignment to a 
specific use. The conventional method of estimating it is 
based on the “weakest Weibull link’? model and the 
concept of some maximum allowable initial size of 
defects which will not increase to the critical size as 
defects grow in service. In accordance with the concept 
of random fracture, moreover, that initial size is of the 
same order of magnitude as the critical one and the state 
of stress within any such volume element may be 
regarded as remaining uniform during the test. Inasmuch 
as slow crack growth is of concern in expectation of a 
long life, the dynamic fatigue effect prior to critical crack 
growth has been introduced proposed as the basis for 
determining the cracking process parameters. The theo- 
retical model is a following dependence of the cracking 
rate V on the stress concentration factor K,: V= 0 below 
the threshold level; V = oo at the threshold level K,,, V= 
A(K,)‘) above the threshold prior to dynamic fatigue; V 
increases very slowly (V = 0) as K, passes through the 
range of dynamic fatigue and then very fast as the stress 
concentration approaches the critical level K,. . The 
expression for the minimum time till fracture based on 
this model includes a geometrical factor Y ~ 2.0 for 
surface defects and Y =~ n'” for internal defects. A more 
precise stress and strength analysis yields: |. an expres- 
sion for the minimum time to fracture based on test 
results; 2. two expressions for the defect size as a 
function of time under a constant stress and under a 
linearly increasing stress respectively; 3. an expression 
for estimating the load (stress) level required for quali- 
fication tests; 4. an expression for the service life which 
takes into account degradation of strength due to sub- 
critical crack growth. The main object of dynamic 
fatigue tests is to determine the value of the empirical 
parameter N characterizing the subcritical crack growth. 
Two lots of OTM- grade Si,N,-Y,0,-MgO ceramic were 
prepared for such tests, one lot (18 pieces) by reactive 
sintering and one lot (20 pieces) by nitriding. Ten 
specimens of each lot, 70 mm long 7 mm square bars, 
were tested in cyclic three-point bending in a universal 
tensile machine with a 60 mm distance between sup- 
ports. Although not very reliable because of the small lot 
sizes, the tests have yielded N= 64 for the first lot with a 
C= 1.5 ratio of a-phase Si nitride to B-phase Si nitride 
and N= 200 for the second lot with a C > 2.5 ratio of 
a-phase Si nitride to B-phase Si nitride. Inasmuch as the 
a-phase forms acicular crystals, increasing its volume 
fraction promotes growth of longer crystals during sin- 
tering. The remaining specimens, 10 of each lot, were 
tested in service under a sufficiently stiff nominal load so 
as to ensure adequate reliability of results and a 50 % 
probability of fracture. Insertion of the experimental 
data into the expression for the service life in an inert 
atmosphere yields 0.095x10'’*o°°* hours for the first lot 
and 0.0367x10°*’o*°° hours for the second lot (o- stress 
under load). Figures 6; tables 2; references 12. 
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Manufacturing Methods of Glass Ceramics 
Transparent to Optical and Infrared Light 
947D00414A Moscow STEKLO I KERAMIKA in Russian 
No 3-4, Mar-Apr 94 pp 15-16 


[Article by Yu.D. Tropin, V.F. Pavlov, G.A. Mardosevich, 
V.Yu. Berdov, V.N. Shakhnov, Siberian Aerospace 
Academy and MPO Promtekhnika Industrial Equipment 
Association; UDC 666.263.2:662.613.1: 666.246] 


[Text] Extensive development of glass fiber optics and 
optical data recording and reading systems employing 
semiconductor lasers increase the urgency of the issue of 
using materials capable of substituting the quartz glass 
used traditionally. 


One of the options considered will be the use of transparent 
glass ceramics—devitrified glass (U.S. Patent 4,707,458). 


We know of methods of fining the glass ceramics pro- 
duced from glass on the basis of metallurgical slags and 
an addition of zinc oxide as the purifying agent’. In this 
case, glass ceramics with light hues are produced, but 
they are not transparent. In order to manufacture opti- 
cally and infrared transparent glass ceramics, spo- 
dumene and mullite glasses heat treated by special 
methods have been used (U.S. Patents 4,057,434, 
4,575,493, and 4,396,720). Yet these production 
methods call for using refractory and expensive L1,O and 
Ga,O, oxides (with a melting point of 1,500-1,700°C) as 
well as rare earth elements as the original raw material. 


We developed a method of producing glass ceramics 
which are transparent in the visible and near-infrared 
spectra from glasses on the basis of combustion ash of 
KATEK lignite coal (Kuybyshev motor vehicle and 
tractor electrical equipment and carburetor plant). 


Ash with the following compositions was used in our 
experiments (hereinafter, content by mass, in %, is 
indicated): 13.0-55.1 SiO,, 5.0-13.1 Al,O,, 23.1-54.5 
CaO, 6.0-16.1 Fe,O,, 1.2-5.7 FeO, 1.9-6.0 MgO, 0.2-0.7 
KO, 0.1-1.1 Na,O, 0.1-0.7 TiO,, and 0.07- 0.57 S. A 
charge consisting of ash with the above composition with 
additions of 2.0 and 0.5% of zirconium and chromium 
oxides, respectively, was used as the initial raw material. 


The ash or the charge were melted in a graphite crucible 
(in a reducing medium) at a 1,350-1,400°C temperature 
for 1-1.5 h. This was accompanied by reduction of oxide 
and sulfide iron forms to a metallic condition and 
homogenizing of the glass melt. By pouring the melt into 
water, we obtained amorphous glass in the form of white 
porous glass melt granules and metallic iron (shot) which 
was removed manually or using a magnet. 


The glass granules were reduced to a size of 0-80 jum and 
subjected to wet magnetic separation after which the 
iron content in the powdered glass was decreased to 
0.1-0.2%. Products were molded from the resulting 
powder which, following two-stage heat treatment, were 
exposed to spontaneous cooling in an electric furnace to 
room temperature. 
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In order to ascertain the possibility of practical uses of 
samples of transparent glass ceramics as the basis for 
developing reversible magnetooptic data media for com- 
puters with a high and extra-high storage capacity, we 
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examined the rotation angle of the transmitted light polar- 
ization plane through the samples in fields of up to 15 kOe 
(magneto-optic activity) as well as the spectral dependence 
of optical absorption and glass transition temperature. 





























Indicator Sample 

72533) 7253(6) 273 271 ~—s|_-—sFused quartz 
Magnetooptical activity, 10° 2" °(kOe.mm) 3.4 3.1 3.4 27 _ ) 4 
Transparency region, 103 cm”! 25.4- <13 26.5-<13 24.6-<13 6-- 13 . - -30.< 13 - 
Maximum transparency region, 103 cm! 22- <13 20-<13 19-<13 18-< 13 - | 
Optical absorption in the maximum transparency 0.18 0.17 0.10 0 08 _ 0.26 
region, cm 
Glass transition temperature, °C 1,150 1,150 1,150 1.150 _ 
Refractive index 1.46 1.47 1.47 1 46 1 46 














The tests were carried out with the help of a SPEKORD 
spectrophotometer using a roughness indicator (in scat- 
tered light), a magneto-optic test bench, a URM3- 
279-050 vacuum test unit, and a KS-600 high- 
temperature furnace. The glass ceramic samples were 
shaped as washers with a 16-mm diameter and |-mm 
thickness whose face surfaces were polished to class 14 
surface finish. The transmission spectra were examined 
within a wavelength range from 30:10° to 1410* cm ' 
which corresponds to the visible spectrum and parts of 
the ultraviolet and near-infrared spectra. The test find- 
ings are summarized in the table. 


The most representative transmission spectra of three 
transparent glass ceramic samples are shown in the 
figure. In the glass ceramic samples made from glass on 
the basis of ash without additives, the transmission band 
edge is in the region of 29:10* cm''. The spectrum 
intensity peaks (approximately 80%) within a region of 
18:10* cm’! and then decreases sharply in the region of 
1510* cm''. The spectra glass ceramic samples made 
from ash-based glass with zirconium oxide additions are 
similar in shape, but the edge of the transmission spec- 
trum is shifted toward the ultraviolet region, so at 
wavelengths of 30:10* cm’', their transmittance is still 
equal to 7%. 


When chromium oxide was added to the ash, the edge of 
the transmission band shifted toward the longer-wave 
region to 26'10° cm’', and their transmissions decrease 
to 50%. 


Tests were conducted to produce optical surfaces by 
conventional and fine polishing as well as by means of 
deposition and comprehensive examination of the RZ- 
PM magneto-optic films and magnetic dielectric films. 
The outcome of the tests demonstrates that the samples 
lend themselves well to optical polishing, while the films 
deposited on them have sufficient adhesion and tradi- 
tional magnetic and magneto-optic properties typical of 
such materials. 


We should note that the use of these types of glass 
ceramics as substrates for magnetodielectric films makes 
it possible to produce (in contrast to quartz substrates) a 
more finely dispersed crystalline structure, thus reducing 
crystal noise during the magneto-optic reading of data. 


In addition, verification tests of mechanical and thermal 
properties of transparent glass ceramic samples were 
conducted. The strength properties (the ultimate 
strength in compression and bending) were determined 
according to GOST 473.6-81 and GOST 473-8-81 pro- 
cedures. The sample microhardness was measured using 
a PMT-3 microhardness gauge by the diamond pyramid 
indentation method. It was established that all samples 
are characterized by the following values: a compression 
strength of 20-60 GPa (2,000-6,000 kgf/mm’), a bending 
strength of 0.7-2.0 GPa (70-200 kgf/mm 7°), and a micro- 
hardness of 800-1,500 kg/mm’. 


The thermal conductivity of all samples at room temper- 
ature, as a rule, is equal to 0.6-1.0 W/(m.°C). The plot of 
the temperature dependence of thermal conductivity 
looks like a monotonically increasing curve with a ten- 
dency towards saturation at high temperatures. 


The resulting findings make it possible to state that the 
optical, mechanical, and thermal properties of trans- 
parent glass ceramics made on the basis of an aluminum 
silicate system and the recently developed manutfac- 
turing methods are at least as good as those of the widely 
used but expensive quartz glass. 


The synthesized transparent glass ceramics are prom- 
ising for use as the substrate for optical and magnetoop- 
tical data media, for making strip filters for the visible 
and near-infrared spectra and as materials for glass fiber 
optics. 


Footnote 


1. N.M. Pavlushkin. Osnovy tekhnologii sitallov (Princt- 
ples of Glass Ceramic Production). Moscow: Stroyizdat, 
1979, 
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Problems of the Deformation of Thin-Walled 
Laminated Structures with Seam Defects 


947D00444A Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA TVERDOGO TELA 
in Russian No 2, 1994 (manuscript received 

12 May 1992) po 6-32 


[Article by E. I. Grigolyuk, Ye. A. Kogan, V. I. Mamay; 
UDC 539.3] 


[Abstract] The current state of research on the durability, 
stability, and dynamic behavior of laminated bars, 
plates, and shells with seam defects of the contact 
surfaces 1s analyzed. Various classes of problems, models 
of seam detects, and methods of solving these problems 
are examined. Numerical estimates of the effect of seam 
defects on the bearing capacity of structures are pre- 
sented. Two particular classes of problems which are 
examined are: the determination of th e growth rate of 
seam defects under constant and variable loads and 
determination of the critical dimensions at which 
bearing capacity is exhausted; and deformation by slowiy 
propagating (equilibrium) or nonpropagating seam 
defects. Two approaches we re taken to the study of 


equilibrium seam defects: where the defect zone is mod- 
eled by a surface of zero thickness on which components 
of the displacement vector experience discontinuity 
(normal and shear seam defects); where the defect zone 
between layers is modeled by an additional contact layer 
of nonzero thickness with specific properties. Figures 5; 
references 202: 145 Russian, 57 Western. 


Numerical Solution of 3-D Problems of 
Non-Axisymmetrical Deformation of Laminated 
Anisotropic Rotation Shells 


947D0044B Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA TVERDOGO TELA 
in Russian No 2, 1994 (manuscript received 20 Nov 1993) 
pp 43-51 


[Article by P. Ya. Nosatenko, Moscow; UDC 539.3} 


[Abstract] Composite laminated plates and shells with an 
arbitrary orientation of the macroscopically orthotropic 
layers are characterized by substantial anisotropy and 
inhomogeneity of the stressed-deformed state for suffi- 
ciently smooth loading. It has been found that the 
stressed-deformed state of laminated composite plates 
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and shells is three-dimensional, and the transverse com- 
ponents of stress and deformation cannot be ignored. 
This result can be extended to thin-walled plates and 
shells. Asymptotic analysis of the stressed state of lami- 
nated shells showed that thin walls are not merely a 
geometrical concept; there are also tangential and trans- 
verse rigidities to be considered, as well as the varia iiity 
of the stressed-deformed state. Unsatisfactory results of 
designing composite structures based on the theory of 
shells and plates prompted the active development of 
refined nonclassical two-dimensional theories. Very 
little work has been done to solve three-dimensional 
problems in the theory of elasticity to study the stressed 
state of thin-walled anisotropic plates and shells. A 
three-dimensional approach to the design of laminated 
anisotropic thin-walled structures has been hindered by 
the absence of powerful computing equipment and an 
insufficient mathematical basis for applying numerical 
methods to solve this type of problem. The creation of 
high-performance computers and effective system soft- 
ware solved the first problem. Studies of convergence 
and stability using the finite elements method to design 
thin-walled composite structures made it possible to 
consider the second problem solved as well. A method 
and universal algorithm is developed for the numerical 
solution of the three-dimensional problem of the theory 
of elasticity for laminated anisotropic rotation shells, for 
linear deformation using the case of a non- 
axisymmetrical load, or the case of general anisotropy. 
The properties of the stressed-deformed state are studied 
for a cross-armored shell with non-axisymmetrical defor- 
mation with a consideration of the anisotropic proper- 
ties of the layers. Figures 5; table 1; references 23: 18 
Russian, 5 Western. 


Edge Effects in Laminated Plates 


947D0044C Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK : MEKHANIKA TVERDOGO TELA 
in Russian No 2, 1994 (manuscript received 1 Dec 1993) 
pp 52-63 


[Article by V. M. Tolkachev; UDC 539.3] 


[Abstract] Laminated composite plates with soft adhe- 
sive layers and rather rigid bearing layers are examined. 
The stresses of interactions between layers are analyzed. 
These stresses may be the cause of seam defects and 
chipping. Attention is focused on edge zones where the 
stresses are localized. Constructive measures to reduce 
stresses in bearing layers a represented. It is found that 
the distribution of external stresses on the side surface of 
a plate is a decisive factor affecting the change in forces 
and momenta interacting among adjacent layers in the 
plate. The stressed state near the edge of the plate 
depends greatly on how the edge is loaded or fastened. 
The fastening method of each layer may significantly 
change the stress on the laminated composite. Figures 9; 
references 2 (Russian). 


MATERIALS SCIENCE 33 


One Approach to Analysis of Nonlinear 
Deformation of Cracked Tapered Shells 


947D0044D Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA TVERDOGO TELA 
in Russian No 2, 1994 (manuscript received 23 Jan 1992) 
pp 109-115 


[Article by Ye. B. Kuznetsov, E. N. Knyazey, V. A. 
Pukhliy, V. 1. Shalashilin; UDC 539.3:534.1] 


[Abstract] The phenomenon of cracked shells may be 
studied using equations from Marguerre’s theory of 
tapered shells. This problem is reduced to solving a 
linked system of two nonlinear partial derivative equa- 
tions. There are simplified approaches to analyzing 
nonlinearly deforming (and cracked) systems, which, 
with a number of additional simplifications, substan- 
tially facilitate analysis of deformation while retaining 
an acceptable accuracy level. These approaches are espe- 
cially effective when used for criteria estimates of min- 
imal dynamic cracking loads. The example of a rectan- 
gular tapered shell with double curvature is used to 
examine a simplified approach to the analysis of non- 
linear deformation. It is a generalization of Bubnov’s 
approach to plates and shells. Whether a panel deforms 
with or without cracking depends on the curvature 
parameter. The transition value of this parameter 1s 
found. Figures 4; references 14: 8 Russian, 6 Western 
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Electrochemical Properties of Nuclear Power 
Plant Steels in Reactor Water at 90-300°C 


947D0042A ZASHCHITA METALLOV in Russian 
No 3, 1994 pp 271-275 


[Article by V. I. Pokhmurskiy, I. P. Gnyp and I. N. 
Antoshchak, Physicomechanical Institute 1meni G. V. 
Karpenko, Ukrainian Academy of Sciences, initially 
presented as a report at the “Zashchita-92"’ Congress, 
Section XIV, “Power Engineering. Machine Building’’] 


[Text] The results of investigating the relationship of the 
electrode potentials of IOGN2MFA and O8KhI8NI10T 
steels in boron-regulating reactor water to temperature in 
the 90-300°C range are presented. The potentials of the 
surfaces of working electrodes made from the indicated 
steels cleaned in a pressurized medium, the kinetics of 
their repassivation, the potentials of passivated surfaces, 
and the relationship between the potentials of modeled 
MnS inclusions and of |OGN2M!A steel are investi- 
gated. It is established that MnS inclusions are cathodic 
with respect to |OGN2MEFA steel up to a temperature of 
80°C, above which MnS inclusions abruptly become 
anodic. The mechanisms behind the influence of high- 
temperature aqueous media on the rate of growth of 
fatigue cracks are analyzed from the positions of electro- 
chemical kinetics, and conclusions are reached regarding 
the role of MnS inclusions in the corrosional crack 
resistance of steels. 
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Introduction 


In the course of operation of nuclear power production 
facilities the composition of harmful heat-transfer agent 
impurities may deviate from the prescribed conditions 
of water chemistry. There is scientific and practical 
interest in investigating the influence of chloride concen- 
tration and medium pH on cyclic crack resistance of 
structural steels with the goal of ensuring the reliability 
of their operation. The mechanism behind the influence 
of the heat-transfer agent on crack resistance of steels has 
not been studied adequately. This 1s why electrochemical 
research was conducted on the relationship of the poten- 
tials of freshly renewed surfaces and of the kinetics of 
their repassivation to temperature. Much attention has 
recently been devoted to studying the influence of man- 
ganese sulfide inclusions on the crack resistance of 
low-alloy steels [1-3]. Dissolution of MnS inclusions 
falling within the trajectory of developing cracks signif- 
icantly changes the composition of the medium within 
the crack cavity. According to the opinion of the authors 
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of [1,2], this accelerates anodic dissolution of the metal 
at the crack apex and increases the rate of crack growth. 
The authors believe that this hypothesis is confirmed by 
the similar influence sulfides in the initial solutions have 
on the rate of growth of fatigue cracks. They identify this 
process with change in composition of the medium 
resulting from dissolution of MnS inclusions. Our 
research showed that MnS do stimulate hydrogen 
absorption by metal in the pre-destruction zone in the 
course of local electrochemical reactions, and that dis- 
solved sulfides are supplementary catalysts of hydrogen 
absorption. 


Methods and Materials 


Investigation of cyclic crack resistance was based on the 
use of 1OGN2MFA and O8KhI8NIOT steels in boron- 
regulating reactor water containing NaCl and HC! addi- 
tives at a temperature of 300°C. The compositions of the 
media are shown in the table. 




















Table 
Medium Number | Medium Composition and pH 
| H3BO3, gm/liter | KOH Cr’, mg/liter Na*, mg/liter | pH 
AE. th 2 “ae ee. —_ 
10 Up to pH 8 x 
2 10 Up to pH 8 0.5 0.1 7 
——nasins on ne 
3 10 Up to ph 8 0.5 0.1 4.5 

















Before the autoclaves were sealed, the medium was 
boiled for 5 minutes in order to remove oxygen; the 
oxygen concentration was not monitored in the course of 
the tests. 


Compact ST! samples were tested in a LAKIM-25 
autoclave [4] by means of cyclic stretching at a loading 
frequency of 11-17 mHz; the coefficient of asymmetry of 
loading cycles was R=0.65-0.7. The shape of the loading 
cycles was trapezoidal, and the loading frequency was 
calculated on the basis of the growth time of the load in 
a cycle. 


High-temperature electrochemical studies were con- 
ducted in a LAKEKhIM-90/250 autoclave [5], in 
medium No | as described in the table. The autoclave 
was equipped with a device that cleans the surface of the 
working electrode in the medium under pressure up to a 
temperature 300°C, which makes it possible to study the 
kinetics of repassivation of freshly renewed surfaces 
(FRS). Potentials were measured relative to silver chlo- 
ride electrodes of our own design, calibrated relative to a 
standard electrode in the 20-300°C temperature range. 


Work Results 


The kinetic diagrams of fatigue failure of IOGN2MFA 
and O8KhIS8NIOT steels are shown in figures la, b. 
Judging from them, the chloride concentration in reactor 
water does not significantly influence growth of cracks in 


10GN2MEFA steel (Figure la). All that can be noted is 
that in a medium with pH 4.5, the value of the coeffi- 
cient of stress intensity (K,) beginning from which the 
rate grows abruptly is somewhat lower, but on the other 
hand a delay appears in this growth in the vicinity of 
50°’ m/cycle. In reactor water not containing harmful 

impurities, crack growth in O8KhI8NIOT steel differs 
significantly from the rate in air at low values of AK, 
which is an indication that the mechanism of anodic 
dissolution is active in medium No I (Figure 1b). Reactor 
water to which chlorides have been added changes the 
shape of the kinetic diagram of fatigue failure of steel 


from linear to terraced. The threshold of corrosional cyclic 


cracking caused by chloride cracking of austenitic stain- 
less steel clearly manifests itself. It may be concluded from 
these results that austenitic stainless steel is more senst- 
tive to the chloride concentration in the medium than is 
low-carbon low-alloy steel. 


Mechanical corrosion testing provides a possibility for 
evaluating ihe influence of the medium upon crack 
resistance of steels, but it is not suited to studying the 
mechanism of this influence. The known methodological 
approaches to analyzing the electrochemical situation at 
the apex of a crack by means of tracking electrodes [6-8] 
are also not very effective, inasmuch as the size of these 
electrodes is three orders of magnitude greater than the 
flare of the crack at its apex. They are incapable of 
reflecting the kinetics of electrochemical reactions 
involved in repassivation of FRS during periodic 
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Figure 1. a—Kinetic diagrams of fatigue failure of 
10GN2MEA steel (solid curve—air; filled triangles— 
medium No 1; crosses—medium No 2; squares—me- 
dium No 3); b—O8KhI18N10T steel (solid curve—air; 

circles—medium No 1; empty triangles—medium No 3) 


1/2 


Key: |—m/cycle; 2—MPa 





destruction of the passivating film at the crack apex. The 
potential of the FRS at the moment of its formation is 
sharply reduced in comparison with the passivated sur- 
face in the crack cavity, and the nature of the chemical 
reactions is determined not so much by the potential of 
the metal surface and the pH of the medium (the Purbe 
[transliteration] diagram), as by the potential difference 
between the FRS and the passivated surface. Our 
research [9,10] contains solutions to the problems of the 
distribution of potentiais and current densities of elec- 
trochemical reactions at the crack apex at the moment of 
formation of an FRS, but calculation of the kinetics of 
repassivation of FRS requires the values of the potentials 
at the time of their formation. Therefore we studied the 
potential of FRS after the surface of the working elec- 
trode was cleaned, the kinetics of repassivation, and the 
potential of the passivated surface depending on temper- 
ature. In the 80-100°C range, when a magnetite film 
(Fe,0,) forms on the steel surface, the surface potential 
of 1OGN2MEFA steel [1] (Figure 2a) rises after cleaning. 
The maximum difference between the potentials of FRS 
and passivated surfaces [3] is observed in the 100-180°C 
range. Reduction of the potential difference at tempera- 
tures above 180°C should be associated with change in 
the reaction on the passivated surface. The potential of 
the surface of O8KhI8NIOT steel [1] (Figure 2b) 
decreases after cleaning [2]. The difference in the poten- 
tials of FRS and passivated surfaces [3] reaches a max- 
imum at 120°C, and almost twice exceeds the difference 
for |OGN2MEFA steel. Growth of the potential difference 
in the 80-120°C range is chiefly the product of formation 
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Figure 2. Dependence of the Potentials of FRS (1), 
Passivated Surfaces (2) and the Potential Difference (3) 


on Reactor Water (Medium No 1) Temperature for 
10GN2MFA (a) and O8KhI18N10T (b) Steels 
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of complex oxides—NiOOCrFe),O0,—on the steel sur- 
face [11]. With further growth of temperature the poten- 
tial difference decreases, which may be explained by 
formation of an upper oxide layer NiOO[bF]e,O, and 
by escape of chromium ions into solution. 


The time of repassivation of FRS of the investigated 
brands of steel in free state is 2-3 hours, and it decreases 
with growth of the medium’s temperature. In the case 
where FRS and passivated surfaces act as a galvanic pair, 
and the comparison electrode was replaced by a plate 
consisting of the same brand of steel as that of the 
protected working electrode, the repassivation time 
decreased to 3-9 sec. It may be concluded from this that the 
life of FRS in the apex of a crack in the presence of 
high-temperature reactor water is units of seconds, and 
that subsequently the metal in the crack apex assumes a 
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passivated state. Therefore when impurities that destroy 
passivating films (Cl, SO,*°) are absent from the medium, 
the investigated steels are not prone to corrosional 
cracking. 


In order to determine the mechanism behind the influ- 
ence of MnS inclusions on the rate of fatigue crack 
growth in 1|OGN2MEFEA steel, we investigated the depen- 
dence of the potentials of an MnS sample relative to a 
silver chloride comparison electrode and relative to a 
passivated steel surface on temperature. In addition we 
held a sample of this steel with a modeled MnS inclusion 
8 mm in diameter and 10 mm deep in medium No | at 
300°C, removing it from the autoclave for inspection 
after particular time intervals. 


As temperature rises, the potential of MnS (Figure 3) 
diminishes, and especially abruptly above 180°C. The 
potential of MnS relative to |OGN2MFA steel [2] is 
negative to a temperature of 80°C, at which it abruptly 
changes sign. This experiment conclusively resolved the 
question as to the relationship between the potentials of 
MnS and low-carbon low-alloy steels, considering that 
diametrically differing information is encountered in the 
literature. After being held for 6 hours in an autoclave at 
300°C (not counting the time to heat up and cool down 
the autoclave), the modeled MnS inclusion in the 
10GN2MEFA steel sample swelled up beside the margin 
of the hole, acquiring a saddle shape. After being held for 
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Figure 3. Dependence of the Surface Potential of an 
MnS Sample Relative to a Silver Chloride Comparison 
Electrode (1) and Relative to an Electrode Made From 
10GN2MEFA Steel (2) on Temperature 
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24 hours, the reaction products dissolved, and the 
remaining MnS in the hole exhibited a dome shape. The 
edge of the hole in the sample plate remained just as 
sharp as before the experiment. Consequently anodic 
processes occurred on the MnS inclusion, while cathodic 
processes occurred on the steel surface. X-ray diffraction 
analysis of the reaction products showed that MnS 
transforms into Mn(OH),. Analysis of the solution 
revealed presence of SO,” and SO,” ions. 


Discussion 


The question as to the mechanism by which high- 
temperature water accelerates fatigue crack growth in 
low-alloy steels used in nuclear power plants—anodic 
dissolution of metal in the crack apex [1-3] or its 
hydrogen embrittlement in the pre-destruction zone [1 2- 
15]—remains debatable. Although Ford et al. [2] firmly 
insist on anodic dissolution as the main mechanism, 
there are a number of unjustified suppositions in their 
hypothesis. In particular, it is postulated that the rate of 
anodic dissolution of metal is proportional in some 
degree to the rate of growth of K,, and inasmuch as the 
rate of growth of K, increases with growth of AK at a 
given frequency of sinusoidal loading, the influence of 
the medium on the rate of fatigue crack growth also 
increases. However, the nature of the medium’s influ- 
ence on the rate of fatigue crack growth is also similar 
when the rate of growth of the load in the course of a 
cycle is observed to remain constant with growth of AK; 
and on the other hand, reduction of the rate of growth of 
the load in the presence of loading cycles of triangular 
shape leads to an increase in the intensity of the 
medium’s influence. At the opposite pole, the authors of 
[1-3] postulate acceleration of metal dissolution; as our 
electrochemical research showed, the steel surface 
quickly passivates, and the medium no longer interacts 
with the metal. Consequently the supposition 
thatV.,.~(AK)” is unjustified. 


According to the data in Figure 2a, when the oxide film 
breaks down, anodic reactions occur on FRS, and the 
potential difference between FRS and passivated sur- 
faces is sufficient for electrical breakdown of the magne- 
tite film by protons at the crack apex [16] and its 
occlusion by metal. The bond energy between atomic 
hydrogen and dislocations is not very great at 300°C, and 
transport of hydrogen into the zone of pre-destruction 1s 
possible only when the rate of growth of the load in the 
cycle is low. In the pre-destruction zone, hydrogen is 
captured by MnS inclusions, where it is accumulated 
owing to greater bond energy [17]. MnS inclusions 
coming in contact with the medium and metal operate 
like microanodes (Figure 2a, curve 3), intensifyin 
hydrogen absorption by the pre-destruction zone. SO,” 
and SO,” ions are catalysts of hydrogen absorption by 
steel (sulfuric acid solution is the standard medium for 
hydrogen absorption by steel). 


Considering that the conditions for hydrogen absorption 
by metal are present at the crack apex in the pre- 
destruction zone even in the absence of MnS inclusions, 
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Figure 4. Diagram Showing the Influence of Anodic (a) and Cathodic (b) Inclusions on Crack Resistance of Materials 
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and that steel with a sulfur concentration <0.001 atom- 
percent is insensitive to the medium’s influence (the rate 
of deformation has no significance), the following mech- 
anism is proposed for the influence of MnS inclusions on 
the rate of fatigue crack growth in steels. Owing to 
electrochemical reactions in the crack apex, hydrogen is 
occluded by the metal, and it accumulates on MnS 
inclusions within the pre-destruction zone. In the 
absence of inclusions, hydrogen embrittlement of the 
steel does not occur due to low energy of bonding with 
dislocations. A sulfide reduction reaction such as 
MnS+2H=Mn+H,S is possible at 300°C. Excess 
hydrogen sulfide pressure is created in the inclusion 
cavity, and secondary cracks forms around inclusions, 
which develop like streamers in the direction of the main 
crack as the load increases in stepwise fashion. This 
explains embrittlement of fractures by the high- 
temperature medium; moreover stepped growth of the 
crack is an experimentally established fact, as is the 
resulting large scatter of experimental data on the rate of 
fatigue crack growth in high-temperature autoclave tests 
[18]. The part of the MnS inclusions that remains 
unreduced intensifies hydrogen absorption by the pre- 
destruction zone when the inclusions come in contact 
with the medium (Figure 3). Our research [10] presents 
the analytical calculations, and shows that the mecha- 
nisms of anodic dissolution and hydrogen embrittlement 
of metal operate in parallel, but that the mechanism of 
hydrogen embrittlement of the pre-destruction zone 
remains dominant. 


Inasmuch as the potential of freshly renewed surfaces of 
O8Kh1I8NI10T steel is lower than the potential of passi- 
vated surfaces (Figure 2b), their repassivation by the 
chemical mechanism is probable, and then in the 


absence of hydrogen traps in the steel, reactor water will 
not cause its embrittlement (Figure |b). The mecha- 
nisms of chloride cracking of austenitic steels are 
described sufficiently well in the literature [19], and so 
we will not dwell on them here. The experiment con- 
ducted on the sample containing a modeled MnS inclu- 
sion showed that an inclusion that is anodic in relation to 
the matrix is more dangerous than a cathodic inclusion, 
inasmuch as stress concentrators that form after its 
dissolution have sharp edges, the metal of which is 
hydrogen-saturated (Figure 4a). Cathodic inclusions 
smooth the sharp edges of concentrators (Figure 4b), and 
thus they influence the crack resistance of steels less 


Conclusions 


1. Hydrogen embrittlement of the metal’s pre- 
destruction zone is the chief mechanism of the influ- 
ence of deoxygenated reactor water, characterized by 
parameters at their working values, on the crack 
resistance of nuclear power plant materials, while 
anodic dissolution is an accompanying factor. 


2. MnS inclusions are hydrogen accumulators and 
sources of secondary cracks in the pre-destruction 
zone. Joining with the main crack, these secondary 
cracks increase the rate of growth of fatigue failure. 


3. By their nature, anodic inclusions increase this rate 
faster than cathodic inclusions. 
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[Article by L. I. Artmeladze, L. Ye. Gurvich and V. G. 
Lashchevskiy, All-Russian Scientific Research of Aviation 
Metals, Moscow; initially presented as a report at the 
“Zashchita-92” Congress, Section XIII “Aviation. Rail 
and Motor Transport”; UDC 620.193.21:669. 15-194] 


[Text] Many years of field tests in the atmospheric 
conditions of a maritime subtropical region (the city of 
Batumi) established the resistance characteristics of 
O8Kh1ISNS5D2T, 06Kh14N6D2MBT, 03Kh11N10M2T, 
O8Kh17N5M3 and !1Kh!11M2V2MF steels in relation 
to corrosion cracking. A comy.arison of the results of 
tests on the Black Sea coast with results of tests in a 
marine tropical climate—Cuba and the deck of a ship— 
revealed the role of climatic factors in resistance to 
corrosion cracking. The relationships of the characteris- 
tics of corrosion cracking resistance established by 
laboratory testing to characteristics obtained in natural 
climatic conditions are determined. 


High-strength stainless steels are widely used in modern 
highly loaded structures, including aviation equipment. 
The complex of characteristics considered in the selec- 
tion of steel for work in a particular structure must 
necessarily include corrosion resistance. 


In the case of high-strength stainless steels, the most 
important thing is a knowledge of resistance to corrosion 
cracking in severe atmospheric—including marine— 
conditions; however, data on this form of corrosion of 
high-strength stainless steels in atmospheric conditions 
are extremely limited in the literature. 


The climatic features to which articles are exposed are 
diverse. This is why research in different climatic zones is 
needed. The sum total of the results of such research, 
which may be defined as the field of “corrosion geogra- 
phy,” has practical value, and it is a significant subdivision 
of engineering climatology. 


The results of many years of field tests in atmospheric 
conditions by Kyur [transliteration] Beach are described 
in [1]. 


This report presents the results of many years of field 
tests in a marine subtropical climate (the settlement of 
Chakva in the vicinity of the city of Batumi) on corro- 
sion of stressed maraging and austenitic-martensitic 
steels in comparison with results of the same research in 
a marine tropical climate (Havana, the seashore and the 
deck of a ship cruising in a tropical zone). 
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Analysis Procedures 


Tests were conducted chiefly on arched specimens with 
dimensions of 100x 15x(1-3) mm, including with a trans- 
verse welded seam, subjected to four-point loading by 
pure bending, and on plates with dimensions of 
200x150x(1-3) mm with a longitudinal seam and 
residual welding stresses. Presence of cracks on speci- 
mens of the first type was established with the unaided 
eye, and with a binocular microscope (16-32X). Speci- 
mens with residual stresses were checked periodically by 
X-ray examination. Tests were conducted on the sea- 
shore on an open-air platform (OQ) and beneath an 
awning (A), including with daily controlled spraying with 
sea water (OSW, ASW). Climatic factors were recorded 
during the tests (temperature, humidity, chloride con- 
centration, and the time of wetting of the metallic 
surface with a moisture phase film (t,,,) on the basis of 
readings from a titanium-zinc contact sensor). Parallel 
recording with such a sensor and a contact (brass) sensor 
over the course of 3 years revealed their readings to be 
synchronous and their performance to be good. 


Analysis Results 


Resistance of Stainless Steels to Corrosion Cracking 


Welded joints in O8Kh1I5N5D2T steel made from melt 
containing titanium at the lower limit of the technical 
specifications (0.15 percent), tempered at 450°C prior to 
welding, exhibit reduced resistance to corrosion cracking 
in a Saline fog chamber: Given an applied stress of o, = 
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0.86°°"", , (100 kg/mm’), the time to cracking t. is 
30-50 days. Failure occurring in the zone of thermal 
influence is evoked by breakdown of solid solution in 
this zone to form aCr and chromium carbides on grain 
boundaries; in this case the zone of reduced corrosion 
resistance coincides with the zone of secondary hard- 
ening [2]. In a marine subtropical climate (ASW condi- 
tions), at prescribed stress (o°°"",) of 100 kg/mm’, such 
welded joints crack in 40-60 days. 


Employment of the recommended heat-treatment condi- 
tions prior to welding—tempering under repeated age- 
hardening conditions at 500-550°C—provides for high 
corrosion cracking resistance (when o"*, = 100 kg/ 
mm’, t. > 1,100 days, ASW conditions, Table 1). 
Structural distortions decline and internal stresses 
decrease in such welded joints. 06KhI4N6D2MB steel 
alloyed with molybdenum (owing to which zones of 
formation of a carbide network and of secondary hard- 
ening separate in space during welding [2]) has high 
resistance to corrosion cracking: When o”°"*, = 100 
kg/mm7’, no cracking occurs throughout the entire testing 
time of 1,100 days. O3KhI11INIOM2T eel is resistant to 
corrosion cracking: Based on 3 years’ vesting under ASW 
conditions, o*., 1s equal to 120 kg/mm*~. The high- 
Strength variant of this brand—-VNS17U (a higher Ti 
concentration makes it so)}—has lower resistance to 
corrosion cracking: Under ASW conditions, when o, = 
0.86%") ,, it is 480-640 days, but beneath an awning 
without spraying, O3KhI11INIOM2TU steel exhibits high 
resistance to corrosion cracking (Table 1). 





Table 1. Resistance of Stainless Steels and Their We!ded Joints to Corrosion Cracking in a Marine Subtropical Climate 
































Steel Brand Heat- Treatment Form of CBCB Testing tc When | Critical Stress 
Conditions Prior to Welding (op) Conditions Bg=0.80°N 5 | 
Welding | 
ae ee + a 
| lime 0.86 or," 
| Base, kg/mm~* 
| | | Years 
+ —— a —_———E ada a t + omens 
O8KhISNSD2T, sheet Hardening at Automatic | 110 ASW > 1,100 3 100 
590°C +tempering at electric argon- | 
518°C arc, without | 
additive 
— ——__—___—} eee ' 
O6KhI6N6D2MBT, Hardening at Electric argon- 110 ASW >1,100 3 100 
forging 590°C+tempering at arc, with 
§25°C E1659-VI | 
additive 
~ —_——— —_ _-_--——_ — ----- oe nt _—— ——————— + - + - 
O3KhIINIOM2T, Hardening+tempering 150 ASW > 1,400 3 120 
sheet at 525°C | 
eo os a ee _ + + — 
A >|, | 00 | | 
O3KhIINIOM2TU, Hardening+tempering 165 ASW 480-640 | 1.5 |  Ser= 90 
sheet at 525°C | | 
Se - - —$-———_—- — — —— —— —~ . t } 
A - 1,100 | | 132 
Ee ce —- + +—— ——--- + + 
O8Kh17N5M3, sheet Hardening+cold, Automatic 90 ASW 750-1,150 2 | Scr=60 
450°C, | hr electric argon- | 
arc, without | 
additive | 
nnctsiahenainnae a a ie | 








o°¢r—conditional critical stress, equal to 0.80 








benc 
































0.2 (0.80BCB joint) in the absence of corrosion cracking 
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Fractographic analysis of corrosion crack fractures 
formed in the field and in a saline fog chamber, carried 
out using a scanning microscope (Jeol, up to 5,000X), 
revealed the nature of the failure to be identical: inter- 
crystallite failure with partially etched grain boundaries, 
and presence of the signs of hydrogen embrittlement. 


Effect of Corrosion Damage on Mechanical Properties 


Residual short-cycle endurance was determined with 
welded specimens of O8KhI5N5D2T steel (tempered at 
450°C for | hour prior to welding), subjected to contin- 
uous atmospheric exposure under ASW conditions for 
100 days, and to cyclic conditions. The latter consisted 
of 10 stages, each of which included running up a 
number of short-cycle loads equal to N,,,/10 at o,,,, = 
90, 70 and 50 kg/mm7?, 15 Hz, followed by 10-day 
exposure to ASW conditions. N,,,. is the average number 
of cycles prior to failure at the prescribed stress level. 
Tests showed that continuous action of a corrosive 
environment (ASW) is a stronger factor than exposure to 
that environment alternating with ‘oading (Figure 1). 
This pattern manifests itself more distinctly when o,,,, 
is decreased to 50 kg/mm 7’. Thus the continuous action 
of a caustic atmosphere in short-cycle fatigue tests 
reduced accumulation and development of corrosion 
damage. 


Snax KrC/MM? (1) 
90 L 











j 4 
20x 10° 40x10? 60x10? WN 
Figure 1. Residual Life in Presence of Short-Cycle 
Fatigue (15 cycles/min) of Welded O8Kh15N5D2T Steel 
Joints (Tempered at 450°C Prior to Welding) Under 
Cyclic Conditions (2) and After Continuous 
Environmental Exposure (3) Under ASW Conditions: 
1—control curve. 
Key: 1—kgs/mm/? 





Influence of the Form of Loading on Corrosion 
Cracking Resistance 


Extensive tests on corrosion cracking resistance are 
conveniently conducted under constant flexural strain. 
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Results obtained with such loading were compared with 
the results of testing under pure bending and under 
single-axis tension at a constant load. Tests were run on 
11Kh11M2V2MF steel and welded 08Kh17N5M3 steel 
joints under ASW conditions. Tests involving tension at 
a constant load are the most severe. t, established under 
such conditions was 3.5-3.9 times less than with pure 
bending at constant deformation, and half as much with 
pure bending under a constant load (that is, constant 
flexural strain produced a t. value that is | 5-2 times 
greater than under a constant load). 


Comparison of Corrosion Cracking Resistance in 
Different Natural Conditions With Results of 
Accelerated Corrosion Tests 


Standard tests on resistance to corrosion cracking are of 
undoubted value, since they provide a possibility for 
correctly selecting the material, the heat-treatment con- 
ditions, and other parameters associated with manufac- 
turing a part. However, they do not provide enough 
information to permit characterization of a material in 
natural climatic conditions. There are practically no data 
on the correlation between the results of accelerated tests 
and corrosion of stressed stainless steels in natural 
conditions. Such a comparison is made in this report on 
the basis of results of analyzing !11Kh11M2V2MEF steel 
in three states—tempered at 680, 300 and 550°C. Tem- 
pering at 680°C, which is recommended for this steel, 
results in a strength value of 6, => 85 kg/mm”. Steel in 
this state exhibited high resistance to corrosion cracking 
in all of the analyzed conditions. Tempering at 550°C 
provides for effective strengthening, but it is not recom- 
mended because of the high propensity of the steel for 
corrosion cracking. We consider steel tempered at 550°C 
to be a model of steel with low corrosion cracking 
resistance. Tempering at 300°C is sometimes seen in 
practice. 


Research on 11 Kh11M2V2MF showed that the labora- 
tory and field conditions of a marine subtropical climate 
(Chakva) fall into the following series of diminishing 
severity: 


CSF35>CMF35>CSF20>C,,NaCl> 
> CMF20>A;,SW>C,SW> Acro. 5SW>Ocn 
CSF35—saline fog chamber in which 5 percent NaCl 
solution is sprayed, temperature 35°C; CSF20—chamber 
in which 3 percent NaCl solution is sprayed, temperature 
20°C; CMF35—chamber in which sea water ts sprayed, 
temperature 35°C; CMF20—chamber in which sea water 
is sprayed, temperature 20°C, C,, NaC l—alternating sub- 
mersion in 3 percent NaC! solution (wheel); C,SW— 
alternating submersion in sea water (wheel), A,..SW— 
beneath an awning, sprayed with sea water (Chakva); 
Ac,—beneath an awning (Chakva); O,.,\SW—open-air 
platform, sprayed with sea water (Chakva), O,.,— 
open-air platform (Chakva). Values of the acceleration 
factor K, (the ratio t, in the field to t. in a specific 
laboratory test), calculated on the basis of tests on 
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11Kh11M2V2MF steel at a prescribed stress level of 
0.80°°"4,, ,, are shown in Table 2. 





Table 2. Comparison of the Results of Field and Laboratory 
Tests on 11Khi11M2V2MF (E1962) Steel (c,=0.80°°"4, ,) 



































Testing Conditions Kg 
Field Laboratory Tempered at Tempered at 
300°C 550°C 
A CSF35 11 94 
CMF35 4.3 31 
CSF20 2.0 9.4 
Cw 1.8 5.9 
CMF20 1.7 4.3 
ASW CSF35 6.8 36 
CMF35 2.6 16.7 
CSF20 1.1 5.0 














The ratio of T,.399 (t, for steel tempered at 300°C) to t..55, 
(t, for steel tempered at 550°C) is not constant under 
different testing conditions: It depends on the severity of 
the testing. Adopting, as our model, steel tempered at 
550°C, which has an elevated propensity for corrosion 
cracking, we can describe the severity of each accelerated 
test by the model’s K, value. Comparing the ratio t,300/ 
T.55o——that is, the t, of the steel under analysis (t,,,) with 
respect to the t, of the model (t,,,, —with the severity of 
accelerated testing (K,,,, we get a logarithmic relation- 
ship of t,,/Tem to Ka (Figure 2). The intersection of the 
line with the ordinate axis gives us the t,,/t.,,, ratio for 
natural conditions (K,,, = 1). The results show that 
having determined the propensity of the analyzed steel 
for corrosion cracking using three or four accelerated 
methods, and knowing the characteristics of the model 
steel in relation to accelerated methods and in natural 
conditions, by extrapolation we can obtain 1,,/T,,,, under 
natural conditions, and calculate t,, for natural condi- 
tions. In our tests the calculated and experimentally 
found values of t,, in natural conditions are consistent. 
Obviously the approach described here has its limits: 
The analyzed steel and the model steel must be of the 
same class. The relationship established here indicates 
that there is a factor common to all of the methods 
employed that intensifies corrosion cracking to varying 
degrees. This factor is, obviously, the action of a solution 
film and the effective concentration of chloride ions. 


Comparison of the results of analyzing resistance to 
corrosion cracking (11 Kh!11M2V2MF steel) in a marine 
subtropical climate (Chakva) with the results of testing 
in zones with a marine tropical climate (Cuba, the deck 
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Figure 2. Dependence of .490/..<s<9 Of E1962 Steel on 
Test Severity, and Determination of ... 9, Under 
Natural Conditions: 1—in relation to condition A; 2—in 
relation to conditions ASW 
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of a research vessel sailing in tropical seas) showed that 
natural conditions fall into the following series in terms 
of diminishing aggressiveness of natural conditions: 
Ac>Izm>AcysSW>Acy>Oc¢ (corrosion cracking did 
not occur throughout the entire testing time of 1,200 
days under OSW and O,, conditions), where A; — 
awning, Cuba; Izm—the deck of the vessel “Izumrud”; 
O,—open-air platform, Cuba; all other symbols are as 
before. 


The series obtained with a stress value of 4,=0.80"°"", , 


decreases if the load is decreased to 0.50°°"", 5. In this 
case there is no cracking for a period of 2 years under O, 
conditions. 


The ratio of t, in A;,, conditions (Chakva) to t. under Ac. 
conditions (Cuba) is 5.6. This ratio is halved when 1, 
under A,. conditions is compared with t, under A;,SW 
conditions, when spraying with sea water beneath an 
awning increases the quantity of chlorides settling on 
metal, bringing it closer to the value of this parameter 
under the conditions in Cuba. 
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Table 3. Comparison of Corrosion Cracking Resistance of E1962 Steel With Atmospheric Parameters (o,=0.80"°"%, ,) 


























Testing Temperature | Humidity , Wetting Deposited Corrosion Cracking Resistance, Days 
Conditions t, Degrees % Time, Chloride in 
ph: hr icr}, 
ay 
Tempered at 550°C Tempered at 300°C 
Mean-Weighted Values 0. 0.50 0.36 0.860 0. 0. 
bendy, 2 | 22 bend) » bends » bendy » 
ACh 12.0 78 4,900 4.0 150°*/ 200/230 >1,200 | 340/360 | 410/500 > 1,200 
196 

AC 24.7 80 550 483 27/52 73/130 >730 73/135 175/260 >730 
Oc 24.7 80 4,350 483 300/320 > 730 >730 320/340 >730 >730 
izm 27.8 80 2,257 735 38 - - 150 



































*Numerator—minimum values, denominator—average values. 





In Table 3, corrosion cracking data for 11Kh!1M2V2MF 
steel are compared with weather parameters. Chloride con- 
centrations on the deck of the ship are extrapolated over a 
year on the basis of data from a 5-month cruise. t,,, values 
for Chakva and the ship are from sensor readings. For Cuba, 
this parameter was obtained by calculation on the assump- 
tion that as in Chakva, 1,,, represents 65 percent of the time 
during which ¥ > 70 percent. t,,, beneath the awning in 
Cuba was calculated in the same way, considering that over 
the course of 4 years t,,, on the open-air platform in Chakva 
was eight-tenths of t,,, beneath the awning. 


The tests show that all factors (t, t,,, [Cl]) influence 
resistance to corrosior cracking (Table 3); however, the 
insufficient number of representative points does not 
permit determination of a quantitative relationship. The 
conditions in the subtropical climate (Chakva) are signif- 
icantly milder than in the tropical climate (Cuba, ship) 
both in terms of chloride concentration and in terms of 
temperature. The prescribed stress level plays a greater 
role. At a stress value of 0.30°°", ,, cracking was observed 
only beneath the awning in Cuba; these conditions are the 
most severe of those used in the field. 
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[Text] 


ANNOTATION 


The book deals with high-purity refractory and rare 
metals, methods of producing them and growing single 
crystals, and with the properties of these metals as a 
function of impurity content and degree of perfection of 
crystal structure. A detailed analysis is made of distilla- 
tion processes with allowance for the degree of their 
departure from thermodynamic equilibrium, including a 
description of the specifics of vaporization from an open 
surface. An optimum program is set up for varying the 
parameters of repeated zone melting that ensures attain- 
ment of a prescribed degree of purity after a minimum 
number of passes. New mechanisms are given for recrys- 
tallization of a solid phase in the presence of a liquid 
phase within the body of the solid phase, or contacting it 
from outside. An examination is made of a wide range of 
metallic objects obtained in the high-purity and single 
-crystal state: rare-earth, refractory, platinum metals, 
some of their alloys and compounds. Data are given on 
specifics of crystallization and properties of single crys- 
tals of refractory chemical compounds: carbides, borides 
and intermetallic compounds. The concluding chapter is 
devoted to the use of high-purity metals in science and 
engineering. 


The book may be of use to chemists, metallurgists and 
physicists interested in questions of the production and 
use of high-purity and single-crystal metals. 


Figures 79, tables 55, references 283. 


PREFACE 


In the history of science, one can clearly trace efforts to 
improve the purity of substances used, enhancing their 
role in the scientific and practical activity of man. As a 
result of years of work by a large number of researchers 
in many nations of the world, a new scientific discipline 
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has been founded: chemistry of high-purity materials. 
The fundamental nature of chemistry of high-purity 
materials has two aspects. 


1. Investigation of processes of purifying substances, 
producing single crystals, determining the nature and 
concentration of impurities. 


2. Investigation of physicochemical properties of high- 
purity materials and patterns of behavior of these 
properties as a function of impurity concentration, 
crystal defects and isotopic composition. 


Studies in these two directions lay the scientific founda- 
tions for development of high-purity materials and tech- 
nologies of producing them. A component part of the 
chemistry of high-purity materials is production, anal- 
ysis and investigation of the properties of metals with 
low content of impurities and crystal defects. 


As the degree of purity increases, a material is more and 
more not just an object for use, but also an object for 
investigation of its properties. Research on the chemistry 
of high-purity materials is influenced not only by 
requirements of practice, but also by questions of sci- 
ence. For science, high-purity metals are irreplaceable 
objects of fundamental research, and for engineering 
they are important components of many devices and 
structures. 


Metals of different groups have their own peculiarities 
that have a decisive effect on methods of producing 
them, deep purification, analysis and growth of single 
crystals (chapters | and 2). In the book, these questions 
are considered as applied to rare-earth, refractory and 
platinum metals. The authors describe methods of sep- 
aration and deep purification, producing single crystals 
from the vapor and liquid phases, and forming a single- 
crystal structure within the body of a solid phase (chap- 
ters 3, 4 and 5). 


The book gives considerable attention to zone refining. 
Development of zone refining methods has enabled not 
only production of high purity refractory and rare 
metals, but also growth of single crystals of these metals 
with low content of crystal defects. A detailed examina- 
tion is made of the use of plasma heating when growing 
single crystals of refractory metals. The authors discuss 
the particulars of producing single crystals of refractory 
chemical compounds of metals: carbides, borides, inter- 
metallic compounds. Methods of producing single crys- 
tals of metals are set forth that are based on recrystal- 
lizing the solid phase. Data on the crystal structure of 
metals and basic kinds of crystal defects are given as 
reference materials. 


Chapter 6 looks at the effect that impurities and crystal 
defects have on metal properties, and discusses the 
question of the effect of isotopic composition on prop- 
erties. Consideration is given to applications of high- 
purity refractory and rare metals and their chemical 
compounds (Chapter 7). 
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For more in-depth analysis of high-purity metal as a 
multicomponent physicochemical system in the region 
of low concentrations, the impurity content 1s generally 
given simultaneously in percent by mass and in atom 
percent. In mutual recalculation of percent by mass and 
atom percent for specimens with total impurity content 
of less than 10-2-10°°%, linear interpolation was used in 
the binary solution approximation: base component- 
impurity. A list of symbols is given at the end of the book 
for reader convenience. The authors were prompted to 
write this book by the following circumstances: recent 
years have seen the accumulation of a large body of 
experimental data on refining of high-purity metals, their 
properties, and development of materials based on them. 
These data were scattered through numerous publications 
and had to be systematized and generalized. There has also 
been an upsurge of interest in the use of high-purity metals 
on the part of specialists in related fields of science and 
engineering. 


The authors hope that the merging into a single mono- 
graph of information about processes and methods of 
deep purification, growing single crystals of refractory 
and rare metals, their properties and applications wil! be 
of use to a broad group of specialists: chemists, metal- 
lurgists and physicists who are interested in questions of 
producing and using high-purity and single-crystal 
metals. 


INTRODUCTION 


The concept of “high-purity material” changes with 
time. As methods of deep purification and analysis 
improve, the impurity content in high-purity materials 
goes down. At present, the content of individual impu- 
rities in the cleanest materials has been reduced to 
10°°-10°'° at.% [1]. The degree of purity of metals is still 
low. The cleanest are metals of subgroup IIB (zinc 
cadmium, mercury). The average overall content of 
impurities in these is 6x10 * at.%. Alkali, rare-earth and 
refractory metals contain more impurities. The total 
impurity content in these ranges from 10! to 10° at.% 
But even at this degree of purity, some properties that 
are inherent in the metallic state show up clearly: duc- 
tility, electrical conductivity, electron emission and 
others. 


The problem of high-purity metals also subsumes 
removal of crystal defects, and production of single 
crystals with minimum breakdown of the crystal lattice. 
The production of perfect single crystals of metals and 
semiconductors began to be systematically studied as far 
back as the early twentieth century. In the forties, 
semiconductor single crystals acquired enormous 
applied significance. Single crystals of metals remained 
in the background for a long time. Work on thei 
production, investigation and application did not 
actively begin until the sixties, and even now advances 
have not been as great as for semiconductors. The 
average density of dislocations in single crystals of 
metals is generally 10°-10° cm’, and only in the most 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 


further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s) 
imental 











44 MATERIALS SCIENCE 


perfect does it reach 10*-10* cm”, which is much higher 
than in semiconductor single crystals. Single crystals of 
high-purity germanium and silicon may contain only 
isolated dislocation loops. 


Most simple materials consist of two or more isotopes. 
Rare isotopes may be treated as an impurity in a material 
that consists of their main isotope. 


The cleanest and most perfect metal obtained to this day 
is a complex physicochemical system containing dozens 
of impurity elements, various kinds of crystal defects 
and isotopes. 


Impurities and crystal defects to a considerable extent 
determine the physical and chemical properties of 
metals. Their influence is reflected by diagrams of com- 
position versus property, and concentration of crystal 
defects versus property. These diagrams, along with 
phase diagrams, contain information necessary for 
developing processes of purifying and growing single 
crystals, estimating the admissible concentration of 
impurities that ensures the required level of prescribed 
properties. For metal systems, we have very little infor- 
mation about phase diagrams and composition versus 
property diagrams in the region of concentrations below 
0.1 at.%. This is especially true of metals characterized 
by refractoriness and high chemical activity. There is 
also a scarcity of systematic data about the influence of 
crystal defects on the properties of these metals. 


Both impurities and crystal defects have a selective effect 
on the properties of metals. Interstitial impurities (oxygen, 
carbon, nitrogen) may strongly change the ductile- 
to-brittle transition point of metals with bcc lattice even at 
a content of 10°-1(° | %. At the same time, other 
elements with com ‘ times greater than this have 
almost no effec’ on i€-to-brittle transition point of 
bec metals. Point dete. .s \ vacancies and vacancy clouds) to 
a great extent determine kinetic properties like electrical 
conductivity, while linear and surface defects (disloca- 
tions, grain boundaries and sub-boundaries) determine 
mechanical properties. 


The isotopic purity of a substance may have a consider- 
able effect on such properties as density, specific heat, 
diffusion mobility, superconductive transition point, 
and of course on nuclear physics properties. Therefore, 
the investigation of diagrams of isotopic composition 
versus property 1s of considerable interest. 


Lowering the content of impurities and lattice defects 
increases the number of impurity-sensitive and structure- 
sensitive properties, and widens the range of applications 
of metals. 


Properties of metal single crystals are also determined by 
crystallographic orientation. For bcc metals, anisotropy 
of strength may reach 30 percent, of ductility—100 
percent, and of electronic work function in vacuum and 
in alkali metal vapor—20 percent and 70 percent respec- 
tively. For metal single crystals with hexagonal and 
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tetragonal lattices, anisotropy is even more pronounced, 
and for a wider range of properties. In single crystals of 
high-temperature superconductors based on metal 
oxides (structure of oxygen-defective perovskite), with 
optimum crystallographic directions critical current 1s 
increased by an order of magnitude. Therefore when 
studying diagrams of composition versus property and 
concentration of lattice defects versus property, consid- 
eration must be given to the factor of crystallographic 
orientation. Utilizing the effect of anisotropy gives addi- 
tional possibilities for developing materials based on 
high-purity metals. Impurities may have a considerable 
effect on occurrence of anisotropy of properties. 


In recent years there have been considerable shifts in the 
development of technology of purifying metals and pro- 
ducing single crystals. Combined process arrangements 
are becoming important in which chemical, physico- 
chemical and physical methods of separation and puri- 
fication are merged, each of them removing a specific 
group of impurities. lon exchang e chromatography, 
liquid extraction, transport reactions, distillation- 
sublimation, directional crystallization and zone recry 
stallization in vacuum and in controlled media, electro- 
transfer in liquid and solid phases... this is a far from 
complete list ing of methods of producing high-purity 
metals that are used in various combinations. 


For deep purification of rare-earth metals, single, double 
or multiple distillation (sublimation) 1s successively car- 
ried out with methods of zone melting and electrotrans- 
fer; for platinum metals—repeated refining with elec- 
tron-beam zone melting. High-purity zirconium, 
hafnium and niobium are produced by combining elec- 
tron-beam zone melting in high vacuum with subsequent 
after purification by the method of electrotransfer in the 
solid phase. For deep purification of tungsten and 
molybdenum, repeated recrystallization of salts from so- 
lutions is used, followed by reduction by hydrogen to the 
metal, and zone refining with the use of plasma and 
electron-beam melting. 


New methods of purifying metals and producing single 
crystals are being developed, and existing methods are 
being improved. A method of high-gradient magnetic 
separation is used for purposes of effectively extracting 
useful minerals and removing impurities from metal 
powders, their oxides and salts. Zone refining of refrac- 
tory metals has been further developed. One advance 1n 
this area in recent years has been the use of plasma 
heating. This has enabled improvement of the effective- 
ness of purifying refractory metals by direct vaporization 
of impurities and removal of volatile compounds formed 
as a result of plasma-chemical reactions, as well as 
considerably increasing the size of single crystals that can 
be grown. New methods are being developed for pro- 
ducing single crystals of metals by recrystallization in the 
solid phase. They are used for poiymorphic metals, and 
also for forming a single-crystal structure in wire and 
band. Considerable advances have been made in devel- 
opment of methods of distillation, transport reactions 
and electrotransfer. 
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There has been an upsurge of interest in producing 
high-purity metal compounds, including single crystals: 
oxides, carbides, borides, sulfides and intermetallic com- 
pounds. The diversity of crystal structures and various 
degrees of manifestation of certain types of chemical 
bond create a wide range of properties that are most 
pronounced in high-purity single crystals. The problem 
of producing a high-purity complex substance involves 
not just the removal of impurities, but also getting as 
close as possible to the stoichiometric composition. In 
this connection it becomes important to know the phase 
equilibria in the temperature-concentration region of 
existence of the cheinical compound, and the particulars 
of interaction of its components with the components of 
the ambient. 


High-purity refractory and rare metals, their alloys and 
compounds are essentially a new class of inorganic 
materials with properties that commercially pure mate- 
rials do not have. High-purity single crystals of refractory 
metals are characterized by higher ductility and lower 
gas release, higher resistance to erosion, heat cycling, 
alkali metal vapor and melts, and higher creep resistance 
than the corresponding commercially pure materials. 


Along with other high-purity materials, metals stimulate 
the development of modern technology: electronics, 
instrument making, power engineering, and chemical 
technology. High-purity metals play a major role in the 
evolution of research in solid state physics. Investigation 
of the electronic structure, elastic and plastic deforma- 
tion, adsorption, diffusion, determination of physical 
properties... this is a far from complete listing of prob- 
lems that can be solved by using high-purity single 
crystals. It is to be expected that in the near future, many 
metals will be obtained with total impurity content of 
10°*-10°° at.%. This will necessitate the development of 
new technologies, and improvement of those now in 
place. 


As impurity content decreases, there 1s an increase in the 
part played by crystal defects and the necessity of elim- 
inating them from metals. 


The range of metal objects produced in the high-purity and 
single-crystal state 1s expanding. In this connection, the 
part played by composition versus property diagrams in 
the region of low concentrations is enhanced as a scientific 
basis for developing high-purity metallic materials. 


Refractory and rare metals that are ultraclean with 
respect to impurities and defects (and in some cases 
isotopically pure) are becoming increasingly important 
in modern engineering and fundamental research. 


CONCLUSION 


The development of research on the problem of high- 
purity metals has two aspects that are interrelated. 


1. Determination of the nature and concentration of 
impurities, investigation of processes of removing 
certain groups of impurities from metals, formation 
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of single crystals with a minimum or prescribed 
amount and mutual arrangement of impurities and 
crystal defects of a certain kind. 


2. Investigation of physicochemical properties of high- 
purity metals and patterns of behavior of these prop- 
erties as a function of concentration of impurities and 
crystal defects, and isotopic composition. 


Studies in these two areas are laying scientific founda- 
tions for development of high-purity metallic materials 
with prescribed properties and technologies for pro- 
ducing them. 


The discussion of a wide range of questions from the 
investigation of high-purity metals to the creation and 
use of materials based on them suggests certain conclu- 
sions that are of scientific and practical interest. 


Impurity elements, crystal defects and isotopes have a 
selective effect on the properties of high-purity metals. 


New methods are being developed for refining and 
growing single crystals of metals that effectively reduce 
the content of impurities and lattice defects, and appre- 
ciably enhance structural perfection. The properties of 
single crystals are also determined by crystallographic 
orientation. 


There is increasing interest in producing high-purity 
refractory compounds: oxides. carbides, borides, sulfides 
and intermetallic compounds with a wide range of prop- 
erties. These properties are most pronounced in high- 
purity single crystals. 


Metals that are ultraclean with respect to content of 
impurities and crystal defects are becoming increasingly 
important in modern engineering and fundamental! 
research. 
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Theory of Compression of Optical Pulses in 
Nonlinear Fiber-Optic Waveguide 

947J0043A Moscow KVANTOVAYA ELEKTRONIKA 
in Russian Vol 21 No 4, Apr 1994 (manuscript received 
30 Apr 1993) pp 358-362 


[Article by A.I. Maymistov, Moscow Institute of Engi- 
neering Physics; PACS 42.65.Re;42.81.Dp] 


[Abstract] A theory of stimulated compression of optical 
pulses is constructed on the system of nonlinear Schroed- 
inger vector equations with perturbation or rather the 
equivalent system of vanational Euler-Lagrange equa- 
tions. All the variational derivatives in these equations are 
obtained according to standard procedure [D. Anderson, 
A. Bodenson, M. Lisak; PHYSICS LETTERS, A, Vol 67, 
1978]. Use of the action functional in terms of a test 
function reduces the problem to variational derivatives of 
the “averaged” Lagrangian and a system of integrodiffer- 
ential equations for the parameters of that test functions. A 
special case of these equations for an optical soliton in the 
adiabatic approximation, while their generalization leads 
to a system of equations describing propagation of an 
optical pulse through tunnel-coupled nonlinear 
waveguides. Evolution of a two-frequency pulse during its 
propagation through a nonlinear fiber-optic waveguide ts 
“roughly” described on the basis of this theory and the 
process shown to include a threshold: a critical energy 
exceeding which gives rise to self-compression of such a 
pulse. The level of this self-compression threshold does not 
only depend on the nonlinearity of the waveguide but is 
also proportional to the effective dispersion of group 
velocities in the waveguide. Inasmuch as it thus depends 
on the frequencies and the partial energies of the carrier 
waves, it can be varied over a wide range by selection of 
carrier waves and thus adjusted for generation of 
ultrashort pulses. References 39. 


Quasi-Resonator: New Interpretation of Scattering 
in Laser 

947J0043B Moscow KVANTOVAYA ELEKTRONIKA 
in Russian Vol 21 No 4, Apr 1994 (manuscript received 
] Jun 1993) pp 385-388 


[Article by A.V. Yurkin, Institute of General Physics at 
Russian Academy of Sciences, Moscow; PACS 
42.60.Da,42.25.Fx] 


[Abstract] Scattering of laser radiation in an optical cavity 
between two plane mirrors 1s analyzed, considering that 
such a cavity is generally used for multimode radiation 
emission ensuring maximum energy content in the outgoing 
beam and that exact parallelism of the mirrors 1s practically 
unattainable when the Fresnel number ®= d’/4LA (d- aper- 
ture width, A- resonance wavelength, L- distance between 
mirrors) characterizing such cavities 1s ® >> 1. Scattering 
of radiation in such “wide-aperture” cavities 1s analyzed in 
the approximation of geometrical optics disregarding dif- 
fraction and by a statistical treatment of the radiation, an 
infinite number of statisticaily independent groups of rays 
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being considered rather than individual rays propagating 
along the shortest optical paths and attendant superposition 
of modes. Each group consists of a finite number of rays 
statistically coupled to one another. The scattering medium 
is treated as a quasi-resonator and characterized by the 
dimensionless number m= d/4Ly (y- divergence angle) and 
scattering of rays is treated as a branching process. The 
angular distribution of the outgoing radiation is calculated 
in terms of numerical sequences of the Fibonacci kind or as 
a geometric progression, typically for m ~ 3 considering 
angles y and 3y. Combining ray optics and wave optics next, 
a plane optical cavity is considered which consists corre- 
spondingly of a Fabry-Perot interferometer as the resonator 
component and the scattering medium as a quasi-resonator. 
In this interpretation there are three basic ranges of laser 
performance with respect to scattering: 1. assuming the 
medium to be ideally homogeneous, insertion of a muiti- 
lobar mirror with y= 0 into the cavity will ensure absence of 
scattering and transform the resonator into one to one 
consisting of many plane mirrors; 2. increase of the diver- 
gence angle y so that the scattering angle remains 8, < 8,,= 
2(/L)'’? (q referring to base of the geometric progression, r| 
referring to first fringe) results in formation of first fringes in 
the Fraunhofer region of the interferometer and in scat- 
tering at small angles; 3. increase of the divergence angle y so 
that the scattering angle becomes 8, = 8,, results in forma- 
tion of several fringes and in scattering characterized by a 
wide index ellipsoid. Figures 3; references 17. 


Compensation of Distortions in Beam Shaping 
Telescope With Compound Mirror Carrying 
Diffractive Optics 

947J0043C Moscow KVANTOVAYA ELEKTRONIKA 
in Russian Vol 21 No 4, Apr 1994 (manuscript received 
3 Jun 1993) pp 391-393 


[Article by R.B. Andreyev, A.G. Kalintsev, §.V. Kamin- 
skiy, and A.N. Soms, Main Scientific Research Institute 
at All-Russian Science Center “State Institute of Optics 
iment S.1. Vavilov’’, St.Petersburg; PACS 
42.60.3f,42.79.Yd;42.65.Hw] 


[Abstract] A telescope with a compound main mirror ts 
considered for shaping laser beams. An experimental study 
has confirmed the feasibility of compensating distortions 
in such a telescope and simultaneously amplifying the 
output signal by means of diffraction optics on the mirror 
surface. The proposed compensation mechanism 1s phase 
conjugation by stimulated Brillouin-Mandelshtam scat- 
tering of radiation. The telescope consisted of a biconcave 
lens and a spherical main mirror with a center hole, their 
optical axes being perpendicular to each other, and a plane 
intermediate mirror slanted at 45° angles to the two axes 
with a center pinhole at the point of their intersection. On 
the inside surface of the spherical main mirror was depos- 
ited diffraction hologram representing the interference 
pattern produced by interaction of a plane wave propa- 
gating along the mirror axis and a spherical wave with its 
center of curvature on the mirror axis at a distance L= 1.2 
m from the mirror vertex. The telescope was first tested 





| This report contains information which 1s or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 




















JPRS-UST-94-018 
9 September 1994 


with a solid spherical mirror (magnification M= 7.4) 
having a 15.0 cm diameter, a 304.4 cm radius of curvature, 
and a 30 mm large center hole. The diffraction efficiency 
of this structure was about 8% and thus exceeded the phase 
conjugation threshold, with a 17 pm minimum pattern 
period on the outer mirror edge and an 85 pm maximum 
pattern period around the center hole. The telescope was 
the tested with a compound spherical mirror (magnifica- 
tion M= 10.65) consisting of four spherical ones with a 
total aperture 15.0 cm in diameter, each of them having a 
6.0 cm diameter and a 163.1 cm radius of curvature. The 
diffraction efficiency of this structure was about 10% and 
also exceeded the phase conjugation threshold, with a 9 um 
minimum pattern period at the outer mirror edge and a 46 
uum maximum pattern period around the center hole. The 
experiments were performed with a Q-switched single- 
mode single-frequency master YAG:Nd+++ ring laser 
oscillator emitting 1,0642 nm radiation in pulses of 20 mJ 
energy and 25 ns duration. This laser was placed in a cavity 
between a plane opaque back mirror and a plane exit 
mirror, with a LiF frequency doubler (initial transmission 
efficiency 30%) between the active medium and the back 
mirror. The plane intermediate telescope mirror passed 
the laser beam through its pinhole and reflected radiation 
in the first diffraction order from the spherical mirror back 
to the telescope lens. The laser beam while passing through 
that plane mirror underwent spatial filtration and wid- 
ening to a larger diameter before proceeding through an 
objective and a set of light filters to be recorded on a 
photographic film by selective exposures. Radiation 
leaving the telescope lens upon return from the spherical 
telescope mirror passed first through an optical relay 
consisting of two biconvex lenses and a diaphragm 
between them (magnification M= 3.5 for telescope with 
solid mirror and M= 9.2 for telescope with compound 
mirror) and then through two successive YAG:ND laser 
amplifier stages. From there it was focused by another lens 
onto a Brillouin-Mandelshtam mirror inside cell con- 
taining such a medium for stimulated scattering and 
attendant phase conjugation. With its wavefront reversed, 
the radiation returned through the amplification channel, 
the optical relay, and the telescope back to the spherical 
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telescope mirror. The mirror in turn reflected it, this time 
in the zeroth diffraction order (as a bare mirror would), 
through its the pinhole in the plane telescope mirror to be 
also recorded. In the first experiment a He-Ne laser was 
used for alignment of the master laser and main telescope 
mirror channel, also with the aid of an LTN-402 continu- 
ous-wave doubled YAG:Nd+++ laser for alignment of the 
amplification channel. In the second experiment spherical 
segments of the main telescope mirror were also placed in 
front of one sphere carrying a single diffraction structure, 
each segment mounted on a movable stage with six degrees 
of freedom so as to facilitate successive approaches. In this 
case radiation with reversed wavefront was simulated by 
another He-Ne laser. The diameter of the laser beam 
leaving the solid spherical telescope mirror was D= 11.0 
cm. The diameter of the laser beam leaving the compound 
spherical telescope mirror was D= 15.0 cm. The beam 
divergence angle at the 10% of maximum intensity level 
was 5= 1.25@ (= 2.440/D being the diffraction angle, A- 
wavelength of laser radiation, D- diameter of laser beam). 
Distortions in the laser beam leaving the telescope were 
monitored by means of a light spot cast on it by the 
LTN-402 laser through a focusing lens. The spherical 
telescope mirror was being tilted while the light spot 
remained stationary. The maximum angle through which 
it could be tilted without changing the direction of the laser 
beam and causing it to vanish from the field of vision was 
a ~ (+/-)540 prad = (+/-)22@. The light spot was being 
moved across the laser beam while the spherical telescope 
mirror remained stationary. The maximum angle through 
which it could be thus moved without causing the laser 
beam to vanish from the field of view due to vignetting on 
the focusing was n= (+/-)220 prad = (+/-)9@. The maximum 
angle through which the spherical telescope mirror could 
be rotated without the laser beam changing its direction 
and vanishing from the field of view was (+/-)157 prad = 
(+/-)9@ throughout the entire mirror tilting range but only 
throughout the (+/-)105 prad = (+/-)6@ range of scanning by 
the light spot. The authors thank S.N. Koreshev and his 
associates for preparing the diffraction optics. Figures 4; 
references |. 
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Parallelism in Knowledge Representation 
Production Models 


947G0028C Moscow IZVESTIYA AKADEMI NAUK 
SSSR: TEKHNICHESKAYA KIBERNETIKA in Russian 
No 2, Mar-Apr 94 (manuscript received 8 Nov 1993) 

pp 48-55 


[Article by V.N. Vagin and A.P. Yeremeyev; UDC 
681.3.06] 


[Abstract] The problem of parallelism in knowledge 
representation production models was examined. Var- 
ious production model processing diagrams were ana- 
lyzed along with the relationships between productions, 
and the conditions of parallel execution of productions 
were formulated. A three-step algorithm was proposed 
for parallel processing of a production model. The algo- 
rithm called for the following steps: 1) preprocessor 
processing (construction of a parallelism matrix and 
parallel sets for all of the model’s productions); 2) 
initialization (input of the initial state and configuration 
of the current state and input of the objective state); and 
3) a search for a solution (the basic production cycle) that 
entails computing the activation set for the current state, 
determining the subset of parallel-executed productions 
for productions from the activation set, executing (acti- 
vating) productions from the subset of parallel-executed 
productions, and obtaining a new current state. The 
algorithm’s use ts illustrated by way of the example of a 
system of productions whose left and right parts are 
represented by semantic nets. It has been shown else- 
where that using the said algorithm for production 
systems such as the one illustrated makes it possible to 
obtain more than a 50 percent reduction in the search 
tree. The analysis results were used as the basis for 
developing a proposed parallel production model archi- 
tecture containing five types of processor elements. Four 
of them are general-purpose elements, and the fifth 1s 
intended for vector (matrix) processing. The proposed 
model is dynamic and may be adjusted (adapted) to the 
starting (current) situation (production system). The 
proposed algorithm and architecture are intended for 
knowledge relation production models geared toward the 
use of high-efficiency parallel computer systems and 
solution of artificial intelligence problems (specifically, 
decision making in open and dynamic problem areas 
whose state sets are described in terms of semantic nets). 
Figures 3, references 13: 7 Russian, 6 Western. 


Synthesis of a Pursuer Strategy Based on an 
Auxiliary Differential Game 

947G0041C Moscow TEKHNICHESKAYA 
KIBERNETIKA in Russian No 3, May-Jun 1994 
(manuscript received 1 Nov 1993) pp 18 6-191 


[Article by V. Ye. Tretyakov, V. Ya. Turetskiy, Urals 
State University, Yekaterinburg; UDC 62-50] 


[Abstract]This paper examines “soft docking” of two 
points in three-dimensional space, that 1s,the approach 
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in coordinates and speeds to a given point in time with a 
given accuracy. Control is constructed in the form of an 
optimal strategy with an auxiliary lin ear-quadratic dif- 
ferential game with specially selected quality coefficients 
for known limits on control of the second point. The 
solution 1s illustrated with an example calculated on a 
computer. Figures 2; references 6 (Russian). 


Calibration Functions in Game Control Problems 
94760041D Moscow TEKHNICHESKAYA 
KIBERNETIKA tn Russian No 3, May-Jun 1994 
(manuscript received | Nov 1993) pp 218-22 


[Article by A. A. chikriy, Glushkov Institute of Cyber- 
netic s, Kiev, Ukraine; UDC 518.9] 


[Abstract] In addition to classical pursuit methods, the 
theory of differential games propos es a scheme to 
determine the guaranteed pursuit time, which depends 
on the mutual states of the process and some Borel select 
or, which 1s chosen by the pursuer. The time its mainly 
determined by non-negative numerical functions called 
resolving functions. The pursuit process 1s divided into 
two sections, active and passive. In both, control 1s 
constructed as a countercontrol based on the theorem of 
measured selection, and in the passive section, corre- 
sponds to the first direct Pontryagin method. Formulas 
are presented for some special cases to calculate the 
resolving functions in explicit form. The guaranteed 
pursuit time from the proposed method is compared 
with the time of the first direct Pontryagin method and 
other times. Results agree with many other studies. This 
method yields a completely validated rule of parallel 
pursuit known from practice. References 16 (Russian). 


Expression of the Concept of an Algorithmic 
Complex and Asynchronous Interactions in 
Multi-C Parallel Programming Language 
Constructions 

94760042 Riga AVTOMATIKA I VYCHISLI TELNAYA 
TEKH NIKA in Russian No 3, May-Jun 1994 (manuscript 
received 7 Oct 1993) pp 16-23 


[Article by A. N. Domaratskty, V. V. Nikiforov; UDC 
519.682:681.3.06] 


[Abstract] Some computer architecture features and 
approaches to using typical hardware configurations 
cannot be expressed by universal programming lan- 
guages. This drawback can be corrected by defining the 
concept of an algorithmic complex and its external 
information links. An algorithm complex in Multi-C isa 
group of elementary algorithms oriented toward quasi- 
parallel execution. Each group ts serviced by one phys- 
ical processor. Multi-C is a programming language 
developed by the authors. Two varieties of sequential 
algorithms can exist in an algorithmic complex, algo- 
rithms for internal and interface rocesses. The syntax of 
specific language constructions is given in figures. Com- 
munication be tween complexes 1s implemented with 
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external information registers (sign information) and 
systems of external interrupts (sign al information). 
Figures 2; references 8: 4 Russian, 4 Western. 


Uniform Neuron-like Microelectronic Media 
Made of Oscillator Elements for Image Processing 
947G00434 Moscow IZVESTIYA AKADEMI NAUK 
SSSR: TEKHNICHESKAYA KIBERNETIKA in Russian 
No 2, Mar-Apr 1994 (manuscript received 15 Nov 1993) 
pp 3-17 


[Article by Yu.l. Balkarey, U. Dzhonson, M.G. Yev- 
tikhov, M.L. Yelinson, A.S. Kogan, and P.I. Perov, Radio 
and Electronics and Electronics Institute, Russian 
Academy of Sciences; UDC 621.382] 


[Abstract] In the field of uniform microelectronic media 
consisting of oscillator elements for parallel image pro- 
cessing, research on continual media consisting of active 
elements (self-excited oscillators, triggers, and reso- 
nance-excited oscillators) has been going on for many 
years. At present, the main focus is on systems with 
diffusion connections between the active elements. 
Because diffusion of particles, heat, and potential from 
one element to the next can act as exciters or inhibitors 
(depending on the specific conditions), such media may 
be looked upon as distributed analog neural networks 
with local connections. Discrete analog implementations 
of uniform media consisting of active elements (includ- 
ing oscillators) with local connections have been pro- 
posed and given the tentative name “cellular neural 
networks.’ At the same time, other researchers have 
focused their attention on oscillator neural networks 
with local and global connections. Like continual active 
media, networks of this type possess a rich set of spa- 
tiotemporal modes and may be used to construct models 
of the olfactory, visual, and motor systems, as well as 
models of memory and understanding. In view of these 
facts, a study considered the possibility of using a 
medium consisting of oscillators to perform a variety of 
tasks related to image processing. Methods of creating 
media consisting of oscillators that were in turn formed 
on the basis of neural networks with neurons in the form 
of threshold adders were studied. The primary focus of 
the study was on the situation where the oscillators are 
connected with one another and where excitatory and 
inhibitory connections are needed only to create oscil- 
lator pairs of adder-neurons. A model of two first-order 
equations was used to calculate the diffusion processes 
that were used as analogues of the various connections 
considered. In the case of unconnected oscillators, all 
results were obtained for media consisting of Van der Pol 
oscillators. One- and two-dimensional media were con- 
sidered. The oscillators were assumed to have optic 
inputs and outputs, and illumination of the medium was 
assumed to result in a change in frequency. A Beolusov- 
Zhabotinskiy self-oscillating photosensitive chemical 
system that changes color in an oscillatory manner was 
cited as an example of a continual medium of the type 
under consideration. Mathematical analyses of the use of 
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such oscillator media to perform the following tasks were 
presented: isolation of images from dynamic noise: 
cleaning of small static distortions from a one- 
dimensional image; parallel isolation of regions of equal 
intensity; isolation of common and distinctive portions 
of images (e.g. moving parts); digitization of images; and 
determination of functions’ extremes. A neural network 
of the Grossberg-Kohonen type (e.g., Intel 80170NX) 
was discussed from the standpoint of its being one of the 
simplest ways of creating a medium consisting of oscil- 
lator elements. Optoelectronic implementations of oscil- 
lator media were also discussed briefly. Overall, the 
Study was said to have confirmed the possibility of using 
noninteracting and weakly interacting self-excited oscil- 
lators and quasi-harmonic resonance-excited oscillators 
In processing one- and two-dimensional images by using 
synapses with specially selected weights to pair them b: 
synapses. Other conclusions of the study were as follows: 
The oscillators may operate in different modes. Trigger 
behavior of pairs may be achieved. The oscillators may 
also be locally connected, and the connections between 
them may be of different lengths and may be either 
excitatory or inhibitory. Neural networks with simple 
neurons may be transformed into active (autowave) 
media with interesting collective properties. Finally, 
oscillator neural networks with global connections can be 
connected, and the properties of neural networks can be 
combined with local connections and networks with 
global connections. Figures 8; references 23 (Western). 


Sequential Procedure for Making Decisions About 
the State of a Communication Channel Based on 
Testing Fuzzy Hypotheses 

947G0028D Moscow IZVESTIYA AKADEMII NAUK 
SSSR: TEKHNICHESKAYA KIBERNETIKA in Russian 
No 2, Mar-Apr 1994 (manuscript received 8 Nov 1993) 
pp 106-113 


[Article by A.N. Gavrilov, L.A. Puzikova, and A.N 
Pylkin, Ryazan Electronics Institute, Ryazan, UDC 
658.012.011.56] 


[Abstract] A sequential procedure for making decisions 
regarding the state of a communication channel in distrib 
uted control and computer networks that 1s based on the 
combined use of probability theory, Boolean algebra, and 
fuzzy set theory has been proposed. A linguistic model 
was proposed along with a method of evaluating a chan 

nel’s current state based on a “fuzzy threshold.” The 
classic (Wald) and modified procedures for identifying the 
state of a discrete channel were simulated, and the results 
obtained by using each type of procedure were compared 

The new procedure based on testing fuzzy hypotheses was 
found to reduce the average time required to make a 
decision regarding a discrete channel's serviceability 

Figures 3, table 1; references 5 (Russian). 
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Conversion of the ASOUP to the IBM 4381 
Computer: Stages and Results 

94 7G0033A Moscow AVIOMATIKA, TELEMEKHANIKA 
1 SVUYAZ in Russian No 3, Mar 1994 pp 11-12 

[Article by V. V. Lukyanenko, deputy chief, Belorussian 
Railroad Information and Computer Center, and O. I 
Aniskevich, chief engineer, UDC 681.3:656. 2] 


[Text] A steady decline in the volume 


tions and growth ol fuel costs led the 


of shipping opera 
leadership of the 
Belorussian Railroad IVTs [Information and Computer 
Center| to reexamine the criteria for selecting hardware to 


be used in computerized management of rail shipments 


In December 1991 the Belorussian Scientific-Production 
Association of Computer Equipment (BelINPOVT) pro- 
posed installing Western-made second-hand computers 
in the work areas of the Information and Computer 
Center, and creating a proving ground in which to study 
the possibilities of using such equipment in the ASU ZhT 
[Automated Rail Transport Control System] 


‘ 


Investigation of the parameters and analysis of the 
market of such computers provided us the possibility for 
settling on the model R14 IBM-438 | 
gigabyte IBM-3880/3380 disk system 
processor computer with a speed of 6.9 million opera 
iS [IS MHz, and it 


Omputer has two 


} 


omputer with a 10 


This 1s a two- 


tions per second, its clock frequency 
has a 32 megabyte main memory. The 
byte multiplexer and 10 block multiplexer 

computer's consumed power 1s 10 kKW[bA], while that 
> kKWIbA] 


} 


iannels. The 


of the disk svstem is 12 


On 22 January 1992 the proposal hy the BeINPOVT was 
nda Protocol on Noncommercial 
an Exper! 
Areas of the 
mation and Computer Center 


drafted in legal form 
Cooperation in Organizing and Operating 
mental Proving Ground in the Work 
Belorussian Railroad Infor 

Ihe IBM-4381 system was delivered 
together with the 5 gigabyte IBM-3880/3380 disk system 
in early April. Series YeS peripheral devices were cor 


was Signed 


nected—YeSSS80 disk units, YeSSS25 tape units, a 


YeS7040 alphanumeric printer, a YeS7920 display, and 


a YeS8410 data transmission multiplexer. Adapter 
cables with IBM and YeS puter connectors were 
manufactured to permit connection of the peripheral 
devi 
() an | tr ( rs f ? ? ry lalists oft a BeINPO 
VT and the IVIs cond 1 test n the computer 
System i { and debugged the perating systen 
and sub t! ASOUP t further identified pr 
stbly al | mat | 7 pping mtr | t r? } S cten ti 
period start-up in transfer mode (during daytim 
hours). Testing of the d th SOT and TMYeS [not 
further id ntified] qguipment pro eeded norn ally 
without TY ( C 
Dur t t ASOUP iS Operated 
the has ’ tw YeS ' ' mt | ny i! 
MVT ¢ perating 1) g (STD 
-—— - - . = 
| ih } I 1a 5 | \ i 

t rt} ; } \ 
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and DODRYV were loaded primarily into the tirst com 
puter, and DODSR was loaded into the second compute! 
during communication session tasks. The second com 
puter was essentially a “hot” reserve in the event of the 
first’s failure. In this case all three tasks—ASOU P-STD 
DODRYV and DODSRKR—were started up in the same 
computer. During this time the system operated with 
overloads and with delays in the task timetable 


Ihe MVT 6.1 operating system does not support work 
with the IBM-3880/3380 disk system. The question of 
switching to a more up-to-date operating system was 
raised in this connection as an urgent problem. Three 
choices of operating systems for a system based on an 
IBM-4381 computer were discussed 


the CBM operating system (analogous to IBM’s VM 
system). Use of an MVT operating system, though of an 
improved version—the PB operating system, which sup- 
ports work with an IBM-3880/3380 system—was pro- 
posed as the guest system under its control. Both oper 
ating systems were developed by specialists of the NII 
EVM [Scientific Research Institute of Computers] in the 
city of Minsk (variant 1); the TKS operating stem 
(variant 2);the MVS operating system, including that 
licensed by IBM (variant 3) 


The possibilities of planned, stage-by-stage transfer of 
the ASOUP database from 200 megabyte YeSSS8O 
memory to the IBM-3880/3380 disk system and pres 
ence of the usual set of assignments for computer oper 
ators in the course of transfer to the IBM-4381 system 
were accounted for in the choice of the operating system 
With regard for this, we selected variant 1: The CBM 
operating system licensed by IBM, and the PB operating 
system supporting operations with YeS and IBM disks 


Selection of variant 2—the TKS operating system—for 
the first stage of the work 1s fully suitable at computer 
centers having positive work experience with this ope: 
ating system. However, we rejected it due to unsuccessful 
attempts at working with the TKS operating system 1n 
the YeS1061 


Variant 3—the MVS operating system—was the most 
promising for future development in the opinion of 
leading specialists of the RF Ministry of Railways, the 
ASUZhT PKTB [Planning, Design and Technological 
Office], the VNIIZhA [not further identified] and the 
NIT EVM. This is the most up-to-date operating system, 
used in all developed countries of the world. It permits 
the most sensible organization of the computer process, 
ptimum use of computer calculating capacity, and 
hange of the operating procedures of computer opera 
tors. However MVS operating 
yuld require correction of a significant part of 


introduction of the 
system we 
the ASOUP’s applications programs, and supplementary 


training of computer specialists and operators 

In late September 1992 specialists of the NIT EVM 
eliminated some of the technical and technological 
nconsistencte arising in data telepre np n th 
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ASOUP. The realistic prospects for transition to perma- 
nent operation using the IBM-4381 system were deter- 
mined. Measurements of the system’s reactions, taken 
on several occasions, revealed hopeful results. When 
control was effected by two operating systems (see 
variant 1) with a YeS5580 disk unit and without using 
the IBM-3880/3380 system, the average message pro- 
cessing time in the ASOUP decreased from 4 sec with the 
YeS1061 computer to 2 sec. 


At our suggestion, in October 1992 the management of 
the Belorussian Railroad decided to acquire two IBM- 
4381 computers with IBM-3880/3380 disk systems of 10 
gigabytes each. With many offers to choose from for 
delivering this equipment, we settled upon the NIIEVM- 
servis enterprise. It guaranteed the most complete 
package of work and services. NIIEVMservis is staffed 
by specialists of a high class, experienced in working with 
IBM computers, and top-class system programmers 
developing and supporting the CBM and PB operating 
systems. Over the course of a month, the computer 
rooms of the Belorussian Railroad Information and 
Computer Center were modernized, and two computer 
systems were installed. 


In late November 1992 the tasks of the ASOUP were 
transferred to the IBM-4381 computer system, with the 
two operating systems loaded onto the IBM-3880/3380 
disk system, and with ASOUP software stored on 
YeS5580 memories. Two virtual computers with the PB 
operating system were loaded into the memories of the 
first system under the control of the CBM operating 
system. The former carried out the “Input”’-STD and 
DODRY tasks, while the second carried out the ““Ses- 
sion’’-DODSR task. The second computer was the “hot” 
reserve, and it was used to debug programs and to carry 
out the tasks of other systems. 


We worked in this mode until April 1993, gradually 
transferring the software of the ASOUP to the IBM- 
3880/3380 disk system. Transfer of the last two 200 
megabyte disks from the database of the ASOUP to the 
IBM-3880/3380 disk system was planned for 6 April 
The transfer process was coordinated beforehand with 
specialists of the PKTB ASUZhT. After working with the 
system for around 8 hours after the transfer, specialists 
of the production division of the Belorussian Railroad 
IV Ts discovered damage to the database. Correction of 
the bad recording did not produce results, and so we 
were forced to return the database back to the 200 
megabyte disks 


The situation was analyzed with the participation of 
specialists of the PKTB ASUZhT. Another plan for 
transferring the database was developed—with prelimi- 
nary generation of the arrays on IBM-3380 disks. The 
second transfer attempt was carried out successfully on 
20 April 1993. 
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After full transfer to the IBM-3880/3380 disk system, the 
operating parameters of the ASOUP improved signifi 
cantly. The average message processing time in the 
ASOUP decreased to | sec. In this case the “Integrated 
Engine Driver Route Processing” system was loaded into 
the “Session” virtual computer together with the 
“Kama” teleprocessing system (developed by specialists 
of the Kuybyshev Railroad IV Ts) 


The qualitative and economic indicators of the work of 
systems using the IBM-438! are good. The computers 
and disks are now operating trouble-free. The number of 
system overloads (not more than two per shift) 1s asso- 
ciated chiefly with closure of the lines at the fault of the 
MPD [not further identified]. The system's speed more 
than quadrupled, while electric power 
decreased by 60,000-70,000 kilowatt-hours, with regard 
for full modernization of the computer, electric 
and climate control systems. Service personnel were 
significantly reduced at the Information and Compute 
Center of the Belorussian Railroad 


onsumption 


powel 


In the time since the transition, specialists of the NII 
EVM made a number of improvements at our request in 
the programs of the PRIMUS 2.5M dialog system and in 
the DDTA copying service program (disk 
to tape), which were unable to support operation with 
IBM-3880/3380 disks. In our opinion it would be suit 
able to assign improvement o! service resources used by 
railroad information and computer centers to the devel 
opers of these resources 


- 
as 
— 
~ 
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Although it is insignificant, the experience that we have 
accumulated in operating IBM computer equipment 
reinforced our desire to use it more broadly for other 
software systems. For example we wished to test this 
firm's data processing processors (PDT) under working 
conditions. In our opinion it would be suitable to con 
tinue work with the MVS/XA operating system, which 


will make it possible to totally change the work proce 
dures of information and computer centers, and to tie in 
the ASUZhT with automated control systems of other 
sectors of the national economy and with automated 


control systems of Western countri 


We note in conclusion that througho entire time 
we cooperated closely and productively with specialists 
of NIIEVMservis, and we had many contacts, meetings 
and seminars with associates in Belarus, the RF Ministry 
of Railways, the RF Main Computer Center of the 


Ministry of Railways, the ASUZhT PK TB, information 
and computer centers of other ratlroads, and IBM. In 


this case we always received support. With their help we 
solved many of the problems ve eT nte {in imple 
menting this project. For this, we sincerely thank all who 


took part in this work 
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MSTU Issues Special Bulletin on Artificial 
intelligence Systems 

947000374 Moscow VEST NIK GOSUDARSTVENNOGO 
TIEKHNICHESKOGO UNIVERTSITETA. SERIYA 
PRIBOROSTROYENIYE tn English No 1, Jan 94-Mar 94 
pp 135-136 


[Abstract of Papers] 
[Text] 


Abstract of Papers 


Development of applied intellectual systems: analysis of 
principal stages, concepts and problems/V.B. Tarasov, 
N.M. Solomatin. 


Some general concepts and stages of knowledge-based 
systems evolution are considered and some appropriate 
technologies including expert systems, hybrid expert 
systems and integrated intellectual systems, distributed 
artificial intelligence and multiagent systems are 
reviewed. Integration theory elements for homogeneous 
and heterogeneous software systems are stated. Rets.52 


Semantic aspects of expert systems organization/N.M. 
Solomatin, K.S. Khomyakov, E.K. Pugachey, A.1I. 
Stepanov, M.1. Stepanova, I.A. Shaknov. 


Expert system semantic organization concept 1s pre 
sented using target systems theory propositions. Figs. 4 


Rets. 5 


Expert system for technological modulus/V.S. Laguta, 
A.E. Suvorovy. 


Description of the expert system, destined for functional 
structure and element composition of technological! 
modulus sensor apparatus forming, structure and func- 
tions of expert system user interfaces, expert system 
interface, 1s introduced. The expert system consultatior 
example is given. Figs.4. Tab.1. Refs.4 


Simulation problems for the intellectual system/A.1. Ehr- 
lich. 


The view on simulation in the intellectual applied sys 
tems as problem of different branches of scientific 
knowledge and different kinds of models integration 1s 
discussed. The notion of integrated information models 
ind conception of such models framework are intro- 
duced 


Fstimation problem formalization of the object's move- 
ment parameters for the situation with indistinct logic/ 
Vorobyev G.N., Glinkov A.S., Kondakov S.E., lonin S.V. 


4 method is proposed for estimation problem formaliza 
tion of dynamic objects movement parameters for the 
purpose of situation model working out based on the 
indistinct logic mathematical method. The method 
allows to take into account both qualitative information 
about dynamic objects condition and information sub 
mitted to quantitative measuring. Figs.2. Refs.3 
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The intellectual program system for manipulation robot 
operator support/A.S. Yuschenko, B.V. Maslov. 


The principles of the manipulation robot operator sup- 
port system are adduced. The intellectual program com- 
plex structure using base of knowledges about the 
environment and operations executed by robot, 1s con- 
sidered. Operator gets possibility to state the task for 
robot on the language of natural spatial relations and to 
control the procedure of task decomposition into simple 
operations and necessary movement planning. Figs. 2. 
Refs.4. 


System human-machine efficiency increase by means of 
artificial intelligence/V.Ya. Tkachenko, B.1. Polyanin. 


The problems of human-machine system by means of 
artificial intelligence are considered. The system ts des- 
tined to search and recognize objects in the system field 
of vision and to fix coordinates of followed objects. 
Automation 1s provided on the base of pictures received 
from TV camera or thermovision set in real time scale 
processing. The methods are estimated, localization and 
current image with standard superposition procedure 
choice 1s substantiated as well as criterion choice. The 
main working stages automation principles, methods for 
precision increase of coordinates estimation and expert 
works organizing, are proposed. The human-machine 
system basic working regimes realized on the level of 
software creation are described. Refs.5 


Control complexes effectiveness increase on the intelli- 
gence base/S.V. lonin, Yu.V. Lyzko, V.S. Khrushcov, L.1. 
Lisinskaya. 


Typical features of a decision taking process for the 
control systems of special purpose complexes are consid- 
ered. Indistinct and contradictory information pro- 
cessing methods analysis, alternatives choice criteria are 
carried out. Comparative characteristic of software and 
hardware realization different methods are given, expen- 
ditures of computer resources are estimated. Figs.3 
Tab.2 


Organization of technical diagnostics intellectual 
complexes/A.S. Romanovsky, S.Yu. Chukhrov. 


Cardinal problems arising in the technical condition 
diagnostication process and by different machinery relt- 
ability prediction are \pproach to technical 
ymplexes designing for machines and mech- 
anisms using artificial intelligence elements 1s proposed. 
Phe vibration-acoustic signal collection and preliminary 
processing system structure 1s given. Expert system com- 
position meant for using in technical diagnostics com- 
plexes 1s considered. Figs.3. Refs.5 


dis ussed 


diagnostics « 


Logical conclusion for the hybrid systems/S.1. Yasinovsky. 


A method has been considered on the basis of which it 1s 
possible to provide tools combining expert systems and 


simulation systems possibilities. It allows to solve a 


copving and/or 
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number of complex technical systems (manufacturing 
systems, intellectual robots, etc.) support problems. Pro- 
duction systems are used for representation knowledge 
in expert system as well as for description of objects 
structure and functioning laws in simulation model. The 
particularities of decisions search algorithm and compo- 
nents interaction organization are also considered. 
Figs.1. Refs.8. 


Indices mastering of peripheral blood circulation using expert 
systems methods/S.K. Arutyunov, Yu.N. Zhigulevtsev, 
V.A. Sukhanov. 


Design and debug problems of methods, algorithms and 
signals processing programs from sensors defining 
peripheral blood induces as well as data formation, 
expert system structure choice and knowledge base 
principles construction are estimated. Refs. 1. 


Neural-technical networks with non-linear intercommuni- 
cation realization means/A.N. Ivanov. 


Neural networks with non-linear connections program 
model is considered. Network signals dynamics and its 
investigation methods are analyzed by means of com- 
puter. External field model and its program realization 
algorithm are proposed. An associativity feature is stated 
for a network. Refs.9. 


Instrumentation means for intellectual technologies and 
user-computer interaction systems support/Yu.N. Filippovich, 
A.G. Malygin. 


Software instrumentation means working out for expert 
technologies support are under research. Original tools 
shell for the support of intellectual technologies and 
Imade Expert systems design is described. 


Graphic symbols recognition using new information 
technologies methods/Yu.A. Shevtsov, S.A. Dontsov, 
A.Yu. Barinov, A.N. Akinin, A.B. Subbotin. 


The article contains methodics and algorithms of pattern 
recognition based on neutral network model—modified 
neocognition. Network of algorithms of training and 
recognition are reviewed; system testing results are given 
too. 


Conceptual simulation languages for the knowledge bases 
control system “Concept’/G.S. Plesnevich, T.S. Mironova. 


The basic conceptual languages being used for the elab- 
orated contro! system “Concept” are described. These 
languages mutual detonation and appropriate languages 
constructions examples are considered. 
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Numerical Modeling of Heat and Mass I ransfer 
in 3-D Cavities 


947G0038 Moscow MATEMATICHESKOYE 
MODELIROVANIYE in Russian No 6, Jun 94 (manuscript 
received 10 May 94) pp 37-54 


[Article by I. A. Graur, T. G. Yelizarova, L. V. Kosarev, 
B. N. Chetverushkin, Institute for Mathematical Mod- 
eling, Russian Academy of Sciences, Moscow} 


[Abstract] Kinetically coordinated finite differential 
schemes used to solve gas dynamics problems are the 
vehicle used to determine the feasibility of implementing 
numerical algorithms on multiprocessor computing sys- 
tems with distributed memory. Various methods of 
paralleling are examined to solve three-dimensional 
problems. Their efficiency is e valuated. Results of 
numerical modeling of the flow over three-dimensional 
cavities are presented. These results were obtain ed on 
the APS-48 multiprocessor computing system, which 
consists of 32 T800 transputers. The package of parallel! 
computing p rograms was written in OCCAM-2. Rect 
angular and T-shaped cavity configurations are consid- 
ered. Comparative flow calculations are done for these 
cavities for two different sets of boundary conditions, 
adiabatic and radiative walls inside the cavity. Figures 
15; references 24: 20 Russian, 4 Western. 


Neural Net Information Processing Device for an 
Adaptive Optical System 


947G0039 Moscow IZVESTIYA AKADEMII NAUK 
SERIYA FIZICHESKAYA in Russian No 6, Jun 1994 
pp 138-144 


[Article by A. B. Ut kin, “Laser Physics” Scientific 
Research Institute, All-Russian Science Center, Vavilov 
State Optical Institute; UDC 535.8] 


[Abstract] This paper discusses the possibility of using a 
neural net device to process information in a linear 
adaptive system. The system 1s based on the phase 
conjugation method, which corrects distortion of a plane 
wave front. Neurons with a binary, bipolar, and contin- 
uous response function are examined. The use of neu- 
rons with a continuous response function makes it 
possible to simplify the data processing system to a 
two-layer unidirectional neural net working in heteroas- 
sociation mode . Multi-layer and two-layer unidirec- 
tional nets are considered. The addition of layers does 
not yield an increase in inform ation capacity in this 
case. The range of signals 1s restricted to a range in which 
the response function 1s linear. Figures 2; references 18 
7 Russian, 11 Western. 
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Phase-Shift Keyed Signal Regenerators 


Y47KV00934 Moscow RADIOTEKHNIKA in Russian 
No 2, Feb 1994 (manuscript received after revision 
8 Apr 1992) pp 28-3] 


[Article by UDC 621.396.62: 


621.391.828] 


A. N. Rudnev; 


[Text] Circuits are proposed for regenerators of signals 
with two-position and four-position PSK. 


In [1], a quad-PSK signal regenerator is described that 
includes a receiver for increased noise immunity of recep- 
tion in the IF section (70 MHz in the given example). The 
regenerator operates without demodulating the input 
signal. In two-position phase-shift keying (PSK-2), the 
basis of regenerator action 1s: if a distorted IF signal U = 
[wr + o(/)] goes to the multiplier simultaneously with the 
isolated doubled frequency signal, and the resultant differ- 
ence frequency signal U = [wt - o(t)] 1s summed with the 
distorted signal, the phase of the voltage across the output 
of the adder may assume a zero value when the phase of 
the distorted input signal is |@(t) < 90° or 180° for 90° < 
lp(A)[v ][H ] 180°. 


In the case of four-position phase-shift keying (PSK-4), 
two such devices are used to send IF signals to the 
multipliers with isolated doubled frequency signals that 
are 180° out of phase. With this arrangement, the phase 
of the voltage across the output of the final adder may 
have only the required values of 0, 90, 180 and 270°. 


Disadvantages of this regenerator are the necessity of 
doubling (for the PSK-2) and quadrupling (for the PSK-4) 
the signal frequency to isolate the doubled frequency 
reference signals, the use of hybrid junctions as multi- 
pliers, which are rather difficult to balance on high fre- 
quencies, and also the complications of maintaining the 
proper amplitude and phase ratios when summing signals 
on a frequency of 70 MHz. 


The purpose of this work is to suggest simple circuits for 
regenerators of signals with two-position and four- post- 
tion PSK that do not have the aforementioned problems. 





Us Us 2, 
(sic H+} +E 








Fig. 1 





Fig. | shows the circuit of a regenerator of PSK-2 signals. 
Here U’, 1s the adder, U’, is attenuator Att, U, is amplitude 
limiter AL, U', 1s the reference signal isolating circuit 
RSIC,; U., U, are multipliers, Z,, U, are band filters tuned 
to frequency W = ®, - gq,, and U, 1s a subtractor. 


[he PSK signal u. = U’, cos [w,¢ + o()] from the output of the 
IF section of the receiver is sent to the adder U, together 
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with the auxiliary local oscillator voltage u,, = U), cos @,/. In 
this case, voltage u(t = U, cos [wt + o(f)] + U), cos w,/. 


To determine the voltage across the output of the AL, we 
reduce the input signal to the form u(t) = U(t) cos [@,t = 91) 
- 0(f)], where 





U (t) =VU," + Ug Ugt 2U, Un cos [wt + p(t) }, 
Unsin [wit p(t) | 
U, +U,, cos [wt + p(t) ] , 





6(t) = arctan 


W = @, - @,, where @ < @,. 


When U, >>U,, (1) and (2) are simplified to 
U(t)=U, +U;, cos [wt + p(t) ], 
6 (t) = (Un/Us ) sin [wt + y(t) }. 


Assume that the condition of limitation in the AL is met 
for all values that amplitude U(t) can take. Then the 
voltage of the first harmonic across the output of AL is 


uo(t) = Uocos [wet + p(t) — 6(f) |. 
Substituting (3) in (4), we get the spectrum of this voltage 


uo(t) = Uocos |wst + p(t) J+ 0.5U0 (Un/ Us) coswy— 
- 0.5U 0 (Un/Us ) os [(2w, — w,) 1+ 29(f)- 


The third term is a third order combination component. 
From the physics standpoint, its formation can be attributed 
to the interaction of voltages u, and u, in the nonlinear 
element (AL) as u,*u, [2]. Asa result of such interaction, the 
doubled value of the input signal phase is transferred to the 
“mirror” frequency of the local oscillator. 


In the case of PSK-2, a discrete component with frequency 
2m, - @, 1S present in the spectrum of signal u, that ts 
isolated by the RSIC. Filters Z, and Z, isolate the difference 
frequency of the result of the product of voltages connected 
to the multipliers. Thus, we get the regenerated signal U cos 
[wt + o(t)] + U cos [wt - o(f)] at the output of subtractor U, 
after equalizing the voltages across its inputs. 


ied 























Fig. 2 shows the circuit of a PSK-4 signal regenerator. The 
reference signal is synthesized by using filter 7, to isolate 
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the signal determined by the third term of expression (5), 
doubling its frequency with subsequent halving of the fre- 
quency, and filtering frequency 2, - @, in the RSIC. The 
regenerator consists of two channels: sum and difference. 
The outputs of adder U, and subtractor U, are connected 
through controlled switches U,, and U,, to the inputs of 
final adder U,,. The switches are controlled by voltage 
comparator Cp U,,, to which voltages to be compared are 
sent from the outputs of rectifiers U, and U,. A signal goes 
to the input of the final adder only from the channel in 
which the signal amplitude is greater. Analytically, the 
voltages across the outputs of U,; and U, are described by 
expressions 2U’ cos g(t) cos wt and 2U sin (ft) sin wt. 


The specific channel is selected by comparing voltages 
2Ujcos e(t} and 2Usin e(ry. 


Thus, for deviation of the phase of the received signal 
relative to the transmitted value of Ag < 45°, the phase 
of the signal at the output of the regenerator will have 
fixed values of 0, 90, 180 and 270°. 


Clearly, noise fluctuations of the phase of the input signal 
will cause a change in amplitude of the regenerated signal. 
Therefore, prior to sending to the demodulator its ampli- 
tude must be limited. It is also advisable to limit the 
amplitude of the signal at the regenerator input to preserve 
the ratio of amplitudes of voltages in the circuit when the 
receiver is retuned from one signal to another. 


The most crucial unit of the regenerator is the RSIC, which 
has the job of isolating a spectrally pure reference signal. 
The basis of the RSIC is a phase-lock loop system with 
locking band that allows for frequency drift of the demod- 
ulated signal, and in addition does not contradict the 
requirements of minimizing the steady-state phase error. It 
should be kept in mind that in the synchornization mode, 
the phase shift of voltages of the local oscillator of the 
phase-lock loop and the isolated signal is roughly 90°. 
lherefore a phase shifter must be installed at the output of 
the RSIC that compensates for the phase mismatch. in the 
PSK-4 signal regenerator, the mixer of the phase-locking 
system is based on diodes connected in opposed parallel. In 
this context, the local oscillator operates on half the fre- 
quency of the input signal of the RSIC, 1.e. there is no need 
for a frequency divider (FDv). 


The proposed PSK signal regenerator circuits contain fewer 
frequency doublers FDb than in [1]. The multipliers used in 
the regenerators can be made with a conventional unbal- 
anced waveguide junction arrangement. Reference wave- 
forms are synthesized and signals are regenerated on 
reduced frequencies, which simplifies adjustment of the 
devices and improves the accuracy of the functions that they 
perform. 
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Long-Base Acoustic Surface Wave Signal 
Compresion Filter Using Reflective Gratings 


947K0093B Morscow RADIOTEKHNIKA in Russian 
No 2, Feb 1994 (manuscript received 28 Jun 1991) 
pp 31-33 


[Article by S. B. Kartsev, D. S. Ochkov, V. N. Rukunov, 
A. V. Simonyan and V. P. Shilov; UDC 621.3.032] 


[Text] The paper gives a description and the results of 
measurements of the characteristics of devices for 
matched filtration of wide-band LFM signals of long 
duration based on series connection of dispersion delay 
lines for acoustic surface waves 


In radar technology, the need arises for matched filtration 
of LFM signals of long duration. For duration of less than 
30 ps, dispersion delay lines (DDL) for acoustic surface 
waves (ASW) are generally used with reflective gratings 
based on a single acoustic line (most often made of lithium 
niobate) [1]. To process signals with greater duration, the 
creation of 2 DDL 1s limited by the length of the acoustic 
line, since up until now it has not been possible to produce 
piezoelectric single crystals of lithium niobate of the nec- 
essary quality larger than 150 mm. Moreover, as the 
duration of the signal to be processed increases, so do 
technological problems such as the increasing effect of 
positioning errors that accumulate in fabrication of 
extended reflective gratings, intensified influence of 
defects in the acoustic line itself, and also the strong effect 
of a difference in conditions of reflection of ASW on 
different sections of the reflective grating. 


Another way to make devices for processing signals with 
long duration 1s by series connection of several DDLs 
with short time delay and with a band equal to the 
deviation of the signal being processed [2, 3]. 


The purpose of the work is fo make a device for matched 


filtration of LFM signals of long duration (base about 


2000) with large dynamic range 


Given below is the description and results of measure 
ments of the characteristics of a device for matched 
filtration of a wide-band LFM signal of long duration 
based on series-connected DDLs for ASW, each of which 
is designed for processing a short signal. 


The transfer function of the device is the product of the 
transfer functions of the series-connected DDLs. In this 
context, the duration of the pulse response of the entire 
device increases with an increasing number of DDLs inco: 
porated into it. 


In 
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The figure shows a block diagram of the device. From 
the oscillator, the LFM signal goes to input amplifier 1, 
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and thence to three series-connected non-apodized 
DDLs 2 with matching circuits and buffer amplifier at 
the output of each. From the output of the final DDL 2, 
the signal goes to DDL 3 with Hamming weighting 
function, and then through power amplifier 4 to the 
output of the device, where a “compressed” signal is the 
result. 


Parameters of the input LFM signal: slope of frequency 
modulation 1s positive, central frequency 105 MHz, 
deviation 20 MHz, duration 88 us, amplitude 50 mV. 


The “compressed” signal at the output of the device has: 
duration of main lobe (with respect to 0.7 level) 85 ns; 
level of side lobes no greater than -31 dB. 


The reflective-grating DDLs that are used in the device 
are made on a YZ-cut lithium niobate substrate 60 mm 
long, and have the following parameters: slope of disper- 
sion characteristic 1s negative, central frequency 105 
MHz, working frequency band 20 MHz, duration of 
pulse response 22 ps, insertion losses 20-25 dB. 


Expansion of the main lobe in the compressed signal is 
due to the shape of the transfer function of the input and 
output interdigital transducers of the DDLs, as well as to 
nonuniformity of the pulse response of the DDLs them- 
selves incorporated into the filtration device. 


An important characteristic of the filtration device is its 
dynamic range, which 1s defined as the ratio of the 
maximum amplitude of the input signal to the level of set 
noises reduced to the input of the device. In our case of 
series connection of several DDLs and low-noise buffer 
amplifiers, the power of set noises P,, reduced to the 
input of the first DDL is defined as follows: 
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is Boltzmann’s constant, Af is the frequency 
deviation of the LFM signal, 74, 7, are noise tempera- 
tures of DDL and amplifier respectively, and K,, K, are 
the transfer ratios of the DDL and amplifier. 


If we take Af = 20 MHz, 7, = 7, = 300 K, Kg = -25 dB, 
maximum input signal level is 10°? W, we get P,, 
x 10'' W. a dynamic range of 82 dB. 


where /} 


and the 


lt is interesting to compare the results with analogous 
matched filter with similar parameters based 
na single quartz acoustic line [4]. In this case, only the 
first two terms will remain in (1), and the transfer ratio 
of the DDL will be roughly - 85 dB. Substituting numer- 
ical values, we find that P,, = 2 x 10° W, and the dynamic 
range 18 27 dB 
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With allowance for signal compression (31-32 dB) and 
ve! (10-20 dB), the dynamic range for a filter of 
series- connected DDLs will be 93-104 dB, and for a filter 
based on a single quartz acoustic line will be 38-49 dB. 


threshold le 


JPRS-UST-94-018 
9 September 1994 


Series connection of several DDLs with short delay time 
gives an effective compression filter for processing wide- 
band LFM signals of long duration (signal base = 2000). 
This provides a wide dynamic range (93-104 dB). 
Increasing the number of series- connected DDLs 
enables processing of LFM signals with duration of more 
than 100 us and with deviation of more than 20 MHz. 
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Miniature High-Temperature Superconducting 
Microwave Antenna 


947K0095 Moscow SVERKHPROVODIMOST 
FIZIKA, KHIMIYA, TEKHNIKA tin Russian No 11-12, 
Nov-Dec 1993 (manuscript received 17 Jun 1993; after 
revision 28 Sep 1993) pp 2150-2159 


[Article by A. Yu. Klimov, Z. F. Krasilnik, A. N. Reznik, 
V. 1. Abramov, I. F. Belov, B. B. Tagunov, Institute of 
Applied Physics, Scientific Research Radiophysical 
Institute, Nizhniy Novgorod] 


[Abstract] The prospects for the use of high-temperature 
superconductors in microwave antennas 1s examined. A 
high-temperature superconducting 2 GHz antenna 1s 
proposed which includes an emitting electrically short 
dipole and compact matching system. It 1s found that 
miniature antennas with a satisfactory efficiency can be 
created using materials with ano malously low surface 
impedances. The higher efficiency 1s due to low ohmic 
losses. The dimensions of the matching system are 
20x13x2 mm. A dielectric with a large permittivity and 
special matching resonator 1s used. Efficiency 1s on the 
order of 26%, which 1s a factor of 2 higher than for 
copper antennas. Identical superconducting and copper 
antennas were compared at 7 7 and 290 K. If the design 
is improved and dielectrics with low losses are used, an 
efficiency of over 70% can be achieved without altering 
the dimensions. The miniature antenna can be used tn 
place of a traditional half-wave vibrator where there a re 
no strict broadband requirements on the system. The 
antenna is cooled below the critical temperature by 
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placing it in a r adio transparent foam plastic cryostat 
filled with liquid nitrogen. The increase in antenna 
efficiency 1s accompanied by a na rrowing of the fre- 
quency band. No significant increase in parasite radia- 
tion was observed in the cooled antenna. Figures 7; table 
1; references 11: 3 Russian, 8 Western. 


Multichannel VMleasurement Stand for Testing 
Superconductor Circuits 


947KU0964 Moscow PRIBORY 1 TEKHNIKA 
EKSPERIMENTA tn Russian No 2, Mar-Apr 1994 
(manuscript received 19 Jul 1993, after completion 
21 Sep 1993) pp 62-71 


[Article by A.A. Yerokhin, D.Ye. Kirichenko, V.K 
Kornev, A.D. Mashtakov, and V.D. Shchedrin, Depart 
ment of Physics at Moscow State University, Moscow; 
UDC 621.317.331:621.373.5] 

[Abstract} A multichannel measurement stand for com- 
puter-aided testing of intricate digital and analog Joseph- 
son-effect superconductor circuits has been developed 
which makes it possible to generate about | wA wide current 
variations in the instrument circuits as well as in the tested 
circuits. Its computer 1s an IBM PC/AT 286 personal one 
with a 640 kbyte random-access memory, a 40 Mbyte hard 
disk, and a VGA monitor. The computer 1s connected to the 
instruments through either a common busbar or an IEE 
488 or Keithley Instruments IBIN-A interface. There are 
three sets of instruments: |. Keithley Instruments +/-(5 nA - 
101 mA) current source (maximum voltage +/- 1Ol V and 
minimum current regulation step 5 nA), nanovoltmeters 
with 16-position analog-to-digital converters (sensitivity 10 
nV and readout rate 10.000 s°, and 194A _ high-speed 
voltmeters (sensitivity 10 uV) with EG&G Princeton 
Applied Research PARCI13 preamplifiers Keithley 
Instruments DAS-S00 (Data Acquisition System) insertable 
boards located in a separate module with an autonomous 
current supply circuitry and IBIN-A interface. two 4 
channe! AOM3 analog output modules with a | 2-level 0 
mA current source each, one 5S-channel AOMI analog 
Output module with a 12-position digital-to-analog con 
verter (Output signal 0-5 V) in each channel, one 2-channe!l 
AOM3 board carrying a !6-position digital-to-analog con- 
verter (output signal 0-5 V) 1n each channel, also for voltage 
measurement one AMM2 Master Measurement Module 
board carrying a | 6-channel input multiplexer in addition to 
a 16-position analog-to-digital converter and an analog- 
signal amplifier with programmable 1-100 gain regulation 
one of its channel! being connected to the outputs of an 
AIM3 Analog Input Module board carrying a 32 
input multiplexer and an analog-signal preamplifier with a 
1, 10, 100 gain selection; 3. Valtex International PC LAB 


Cards multichannel instrument boards mounted inside the 


channel 


computer frame and controllable through the common 


busbar: 3a. PCL-726 board carrving a 6-channel | 2 
digital-to-analog converter (output signal 0-10 V or -5 V to 
+5V): 3b. PCL-714 board carrying a 16- channel | 4-position 
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differential outputs, and two digital-to-analog converter 
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channels (output signal -5 V to +5 V), with parallel 16- 
position digital inputs and outputs; 3c. PCLD-789 insert- 
able board carrying an analog-signal amplifier with 1-1 000 
gain regulation and a 32-channel input multiplexer. The 
apparatus includes a probe which connects the instrument 
circuits to the tested superconductor device, its head con- 
taining a specimen holder and a set of needle contactors. For 
measurements this probe with a specimen 1s immersed 1n a 
portable Dewar flask for cooling as far down as 4.2 K. Two 
coaxial tubes surrounding the probe head, the inner one 
made of niobium and the outer one made of Permalloy, 
shield the specimen from the terrestrial magnetic field and 
ambient electromagnetic noise. The programming system 1s 
flexible and sufficiently universal, being adaptable to addi- 
tion of new secondary measuring ‘““macromodules” such as a 
characterograph, an ohmmeter, and others with their par- 
ticular measurement and data processing algorithms. With 
this apparatus were measured the current-voltage and pulse 
characteristics of superconductor circuits of RSFQ (Rapid 
Single Flux Quantum) logic including a pair of DC-SFQ 
(Direct Current to Single Flux Quantum) converter and 
SFQ-DC (Single Flux Quantum to Direct Current) con 
verters, connecting the two converters with a JTL (loseph 
son Transmission Line) facilitating low-frequency measure- 
ments with a down to one flux quantum accuracy. The 
authors thank staff members in the Institute of Radio 
Engineering and Electronics at the Russian Academy of 
Sciences: V.P. Koshelts for preparing specimens of the 
superconductor circuits designed by A.F. Kirichenko and 
D.Yu. Zinovyeyv, both of them for consultations and assis- 
lance pertaining to the measurements, also M.I. Khabipov 
for numerous consultations regarding the instrumentation 
for those measurements. Figures 4; references 5 


Device for Diagnostic Sounding of lonospheric 
Plasma with Neutralized Effect of 
Charge-Carrying Spacecraft 

947KOO96B Moscow PRIBORY 1 TEKHNIKA 
EKSPERIMENTA in Russian No 2, Mar-Apr 94 
manuscript received 6 Oct 1993) pp 99-103 

[Article by A.S. Ivanitskiy, A.I. Kashirin, Yu.K. Chaso 
vitin, and V.G. Chkalov, Scientific-Industrial Associa 
tion “Tayfun’ [Typhoon] at Institute of Experimental 
Meteorology, Obninsk (Kaluga Oblast); UDC 
621.317.71:533.9.07] 


[Abstract] A novel device for diagnostic sounding of 1ono- 
spheric plasma 1s described, its circuitry being designed to 
neutralize the etfect of a charge-carrying enclosure (space- 
craft) on its electric potential. Its apparatus consists of an 
instrument probe and an identical reference probe, a 

> 5.43.5) V sweep volt ige generator, a +8,-8 \ powel 
and four operational amplifiers; M, (S44UDIA 
microcircuit) behind the instrument probe acting as a cu 
rent-to-voltage converter, M, (S44UDIA microcircut) 
probe acting as a repeater, M 

(149UD20A microcircuit) acting as a noninverting addet 
M,> (140UD20A microcircuit) compensating the voltage 


supply 
reference 
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across the noninverting M, input. This compensation 
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makes it possible to make the dynamic range of the M, 
current-to-voltage converter sufficiently wide for covering 
the measured signal without the need to raise the supply 
voltage and to thus dispense with a floating battery. With 
the spacecraft at “ground” potential, the potential of the 
instrument probe is equal to the algebraic sum of the 
floating potential and the sweep voltage at any given instant 
of time. Therefore, even a relatively small sweep will be 
adequate for covering the significant range of the probe 
characteristic regardless of the polarity and the magnitude 
of the spacecraft potential. Inasmuch as the two probes are 
identical, the center point of the voltage sweep is at zero 
voltage point. A performance analysis based on an equiva- 
lent circuit diagram which also accounts for a Debye 
shielding layer between spacecraft and plasma demonstrates 
that making the input resistance across the reference probe 
for differential and in-phase signals much larger than the 
resistance of the instrument probe will minimize the effect 
of interference from the operational amplifiers. It thus 
becomes possible to measure current-voltage characteristics 
of ionospheric plasma throughout the 15-60,000 nA probe 
current range with a -2.5-(+3.5) V voltage sweep while the 
spacecraft 1s charged to potentials from -3.5 V below to +2.5 
V above the floating potential. Each probe has a spherical 
collector 5 mm in diameter, the two collectors being 
mounted on a common bracket 15 cm apart and oriented in 
the same direction. The probes can, however, also be 
designed with cylindrical or planar collectors. Figures 2; 
references 6 


Superconducting Magnet System with 
Adjustable-Inductance Winding 

947K0096C Moscow PRIBORY I TEKHNIKA 
EKSPERIMENTA in Russian No 2, Mar-Apr 1994 
(manuscript received 6 May 1993, after completion 
22 Jul 1993) pp 1?6-]3 


[Article by V.P. Bayev, G.L. Berezin, Yu.L. Buyanov, 
IA. Kiryenin, Ye.S. Trnfonov, and V.S. Sheynkman, 
Institute of High Temperatures at Russian Academy of 
Sciences. Moscow; UDC 621.318.43:537.312.62] 


[Abstract] An experimental pulsed superconducting electro- 
magnet with an energy capacity of 0.5 MJ and an adjustable 
inductance winding has been built for inductive energy 
conversion-storage devices essential for emergency power 
|, electrodynamic vehicle launching, and mac- 
roparticle acceleration. it 1s a high-voltage system with a 
voltage regulating autotransformer. It features a high-speed 
and high-efficiency performance, owing to absence of ohmic 
dissipation and to direct coupling to the load. Its multilayer 
winding has 2650 turns of a conductor made of 0.5 mm in 
diameter wire containing 126 strands of Nb-Ti supercon- 
ductor alloy in a Cu-Ni matrix. The conductor is coated 
with an epoxy compound and each layer of conductors 1s 
then wrapped with an about | mm thick insulating teflon 
film, the conductor diameter then being 4.5 mm over metal 
and §.0 mm over insulation. The coil consists of 20 such 
‘lectrically connected in series but mechanically 
k and 10 mm wide textolite (glass- 
‘split’ coil segments 
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formed by two layers, the innermost one and the outermost 
one, form a 5-tap regulator. The overall coil dimensions are: 
inside diameter 223 mm, outside diameter 543 mm, height 
732 mm, mass of the high-voltage winding 150 kg. The 
bobbin for this coil is formed by two hollow textolite 
cylinders (outside diameter 220 mm, wall thickness 20 mm) 
in a row with a 30 mm thick circular spacer- collector 
(outside diameter 570 mm) between them, the middle part 
of this bobbin being confined between two flanges (diameter 
570 mm, thickness 50 mm). In preliminary tests the high- 
voltage winding withstood 120 kV at the 77 K temperature 
of liquid nitrogen. A nominal current of 1100 A in the 
winding generated a magnetic field of 4.44 T intensity. The 
inductance of this winding covers the following ranges: 
on-load winding section 835.5-246.8 mH, off-load winding 
section 8.1-199.5 mH, tapped winding section 8.13-8.71 
mH. The apparatus together with switchgear and protective 
shields was tested in both uncontrolled and controlled 
discharge modes. In the uncontrolled (exponential) dis- 
charge mode at a voltage of 50 kV the winding current was 
varied over the 400-1100 A range and the load was varied 
over the 1-50 QQ range, which made the time constant vary 
over over the approximately 0.02-1.0 s range. The efficiency 
of energy transfer to the load in the first five controlled 
pulses was 76.2 %, with a ‘.2 ratio I,,,,/I, of maximum 
current to minimum current in the winding and both 
currents slightly decreasing during the regulation process. 
With uncontrolled pulses the efficiency of energy transfer 
did not exceed 41 %, even with the current ratio increased to 
about 2.0 or the coil inductance increased from 836 mH to 
1.52 mH. Inasmuch as increasing the current is undesirable, 
because the magnet-to-load coupling becomes weaker and 
requires addition of a compensating transformer, control of 
the discharge current by regulation of the winding reactance 
offers some advantage. The insulation for the high-voltage 
winding was designed by V.A. Goncharov and V.Ya. Star- 
obinskiy at the Institute of Power Engineering. The authors 
thank A.J. Mikheyev, S.K. Shuravin (deceased), and S.Yu. 
Lantsev in the Department of Applied Superconductivity at 
the Institute of High Temperatures for significant contribu- 
tion to the project. Figures 3; tables 2; references 7. 


Electronic Biasing Module for Superconducting 
Instruments 


947K0096D Moscow PRIBORY I TEKHNIKA 
EKSPERIMENTA in Russian No 2, Mar-Apr 1994 
(manuscript received 5 Apr 93, after completion 

20 Jun 1993) pp 192-197 


[Article by G.V. Prokopenko and M.A. Tarasov, Institute of 
Radio Engineering and Electronics at Russian Academy of 
Sciences, Moscow; UDC 621.013.3+537.312.62] 


[Abstract] An electronic biasing module for ultrasensi- 
tive measuring instruments such as SQUID’s and other 
devices with SIS (superconductor- insulator- 
superconductor) structures has been developed which 
shifts the operating point along the current-voltage curve 
very precisely with low internal noise and high interfer- 
ence immunity. As the performance criterion for this 
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module was selected measurement of the fluctuation 
range of the current within the maximally nonlinear 
range of a current-voltage curve, this width being com- 
pared with the theoretical effective current of intrinsic 
fluctuations in the Josephson junction of the instrument 
|, =~ 0.084T (T,K- absolute temperature of SQUID). The 
module is suitable for modern d.c. SQUID’S built on 
thin-film Nb/AIO,/Nb sandwich structures and oper- 
ating in the amplifier mode at 400-600 MHz frequencies, 
also for mixers built on SIS structures. It applies a 
constant bias voltage to the SQUID or mixer immersed 
in a liquid helium, while a sinusoidal sweep voltage 1s 
also applied to it, the latter from an a.c. generator 
through | kQ2 resistors also immersed 1n liquid helium. 
Thermal noise from components at room temperature 
and in-phase pickups from outside are suppressed by a 
set of RL-filters. It 1s very important to “ground” the 
instrument circuits during tests, in this case the power 
supply and the signal source being grounded separate}, 
so as to prevent crosstalk between their respective noisy 
return currents. The power supply consists of a 220 V - 
50 Hz transformer with four separate secondary wind- 
ings, each across a rectifier-filter unit suppressing 50 Hz 
and 100 Hz ripple to a level below 0.01 pV (over 70 % 
suppression). The new module includes, in addition to 
the d.c. bias voltage generator, the a.c. sweep voltage 
generator, and the power supply, also a current generator 
which analogously sets the operating point in the SQUID 


loop with input coil as determined by the magnitude of 


the magnetic flux, a voltage-current converter with a 
current regulating series resistor, an adder, and inte- 
grator - all drawing power through the main supply 
channel. It also includes measuring instrument ampli- 
fiers drawing power through a separate channel. The 
sweep voltage generator is a 14 Hz Wien-Robinson 
bridge oscillator with field-effect transistor in an auto- 
matic gain control loop in the role a regulating resistor 
Its operating (resonance) frequency has been selected as 
combine a lowest possible flicker noise and a narrowest 
possible passband, with minimum possible oscillograph 
scintillation. The author thanks S.Yu. Turygin and 
V.Yu. Belitskiy for helpful consultations. Figures 4; 


. . a s 
references 12 


[racking Filter for Low-Observable Maneuvering 
Targets 

947K00974 Moscow RADIOTEKHNIKA in Russian 
No 3, Mar 1994 pp 11-13 


[Article by V. I. Bibika and S. V. Utemov: “ fracking 
Filter for Low-Observable Maneuvering Targets’; the 
first paragraph is a summary; UDC 623.624.2] 
[Text]Operation characteristics of a tracking filter for 
acquisition of maneuvering targets with a low effective 
scattering surface (ESS) are analyzed 


Tracking filters (TF) are an important component tn 
digital processing of radar data. Thev allow radars to 
track simultaneously a large number of maneuvering 
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objects. Comparative analysis of the design principles 
and performance specifics of these filters in conditions 
with interference [1,2] has shown that, for minimizing 
the rms error of target motion parameter at an admis- 
sible computation cost, it 1s preferable to use filters 
which can adjust their structure and parameters to the 
target's motion pattern. Synthesis of an optimal struc- 
ture of such filters for large signal-to-noise ratios was 
investigated in [3,4]. 


The introduction of new technologies and creation of 
low-observable objects characterized by a low ESS levels 
has reduced the signal-to-noise ratios at the TF input. It 
1s of a great theoretical and practical interest therefore to 
analyze the specifics of filter operation when tracking a 
low-observable maneuvering target. No such analysis has 
been undertaken in previous studies of the TF synthesis 
for maneuvering targets 


The objective of this study was to analyze the specifics of 
IF operation for maneuvering targets with low ESS 
values. 


The performance quality of TF 1s measured by the rms 
estimate of the motion parameters of the tracked target, 
obtained under the assumption of Gaussian statistics of 
prediction and current measurements of coordinates. 
They are estimated from covariance accuracy matrix 
[4,5]: 

Cy. = (BC, By” + FLQuF TY! + Coes ap CD 

where B, is the matrix for rms error recalculation from 
measurement step k to step (k + 1); C, 1s the accuracy 
matrix of resulting measurements at step k; Q, 1s the 
matrix of errors due to target maneuvers; C,,, , ,) 1s the 
accuracy matrix of current measurement at step (k + 1); 
F, is the matrix for recalculation of corrections to 
extrapolation errors due to target maneuvers. 


The terms in (1) make it possible to take into account 
both a random target maneuver (Q,) and a lowering of 
the target’s ESS (Cy... ,)). 


The elements of the random target maneuver matrix 
depend on the target motion pattern. In case of a 
nonmaneuvering target, matrix Q, 1s diagonal, and its 
elements represent dispersions of the measurement of 
coordinates and their derivatives due to minor devia- 
tions in the target's motion from the adapted pattern. 
These values are selected according to the condition of 
coarsening of the filter accuracy by at most 10-15, which 
is sufficient for a steady target tracking [5] 


On a segment where maneuver 1s detected it 1s necessary 
to adjust not only extrapolated values of estimated 
parameters but also the prediction accuracy matrix. This 
is done by defining new values of the components of 
matrix Q, depending on the target maneuver intensity 
and the delay in the maneuver detection [1,6] 


The time points of detection of the beginning (t,,,,,.) and 


end of target maneuver (t.,,..) must be estimated from the 


kin 








[his report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 


further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s) 





—— a a ee 

















70 ELECTRONICS 


totality of measurements of target coordinates. This 
problem ts solved by the maneuver detection algorithm. 
Che principle of this algorithm has been described in detail 
in [6]. It operates as follows. The initial statistic for target 
maneuver detection ts a quadratic form expressed as 

), 


lm sz 
: C4) ( (A, esct—Oe, 


U, = (a, 


where a, and a, are estimates of the state vector and its 
predictions for the kth measurement step, respectively. 


rime points t and t.,,, are identified by the fact that 
value U, exceeds a certain threshold. The threshold 1s set 
depending on the given probability of false detection of 
a target maneuver. 


onm 


The influence of a reduction in the target’s ESS on the 
tracking quality is taken into account by the current 
measurement accuracy matrix included in (1). Its ele- 
ments are determined completely by the form of the 
normalized error function for the sounding signal used 
by the radar and the signal-to-noise ratio whose value 1s 
proportional to the target ESS [4]. 


Based on this TF design concept, we formulated a 
mathematical model which analyzes the basic regulari- 
ties in filter operation when tracking a maneuvering 
target with low ESS level. 


The simulation was carried out for a radar tracking a space 
target. We assumed that the radar makes use of a linear 
frequency-modulated signal with length 200 ps and spectral 
width up to | MHz with pulse power 0.5 MW. The motion 
of the space target in an orbit at altitude 250-300 km was 
described by a second-degree polynomial. The oblique range 
to the space target traveling in the radar operation zone 
varied from 1100 to 1300 km. 


[he simulation results in the form of the curves plotting 
maneuver detection delay time t, and rms error o of 
target coordinate determination as a function of target 
ESS S for various maneuver intensities a are presented in 
Figs. | and 2 


Figure 1 (left); figure 2 (right) 
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An analysis of these relationships suggests the following 
conclusions. When the ESS of a maneuvering targets 1s 
reduced by 25-30 dB, the signal-to-noise ratio at the TF 
input 1s lowered to 7-9 dB and the maneuver detection 
delay is increased by a factor of 5-8. 


At certain target maneuver intensities, the tracking 
errors are increased by a factor of 1.5-2 and attain a 
maximum. The existence of such maxima is due to the 
delay in maneuver detection. The value of the maximum 
is determined both by the unequal delay time in the 
detection of maneuvers with different intensities and 
uneven errors of current target coordinate measurements 
with different target ESS levels. 


The tracking filter for a maneuvering target with an ESS 
sufficient for a signal-to-noise ratio at the level 7-9 dB 
then becomes less sensitive to target maneuvers, which 
considerably worsens the tracking performance. 


An analysis of the operation of this filter shows that its 
capability for tracking maneuvering targets with low ESS 
level can be enhanced by including in the TF an addi- 
tional channel for estimating the energy parameters of 
the echo signal followed by a decision to modify the form 
or the power of the radar sounding signal. 


The design principles and the characteristics of such an 
additional channel were not investigated in this study. 


Effective Width of Synthetic Aperture Radar 
Target Search Zone Under Counteraction 
Conditions 


947K00994 Moscow RADIOTEKHNIKA in Russian 
No 3, Mar 1994 (manuscript received 5 Feb 1992) pp 3-6 


[Article by V. M. Shlyakhin; UDC 621.396] 


[Abstract] The traditional method for setting the width 
of the directivity pattern for a synthetic aperture radar 
(SAR) implicitly assumes that any radar target falling in 
a given sector will be detected, but under real conditions, 
especially when there 1s counteraction, the detection of 
targets becomes random. Even the known presence of a 
target in a given sector is no assurance of its radar 
detectability. This dictates use of a different approach. A 
study was made to determine the effective width of the 
search zone taken in by a SAR during its motion along a 
given course and to compare this with the width arrived 
at by the traditional method. It 1s assumed that the SAR 
observes a fixed target whose linear dimensions do not 
exceed the dimensions of a resolution element. It 1s 
shown that the real productivity of a SAR 1n the search 
for and detection of targets (determined by the area 
inspected by the SAR in a unit time) clearly does not 
match its potential capability. The relative degree of loss 
will be the greater (all other conditions being equal) the 
lesser the altitude and the greater the velocity of the SAR 
carrier. There 1s a clear need for reliable spatial-energy 
detection of a useful radar signal during one target 
observation interval. Scanning with the SAR antenna, 
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favoring an increase in the duration of target observa- 
tion, can result in an increase in the probability of its 
detection and thereby an increase in the effective width 
of the search zone for a fixed target. Target movement, 
especially in a direction opposite the direction of move- 
ment of the SAR carrier, results in a decrease in the 
effective width of the search zone. Analytic expressions 
are therefore derived for determining the effective width 
of the search zone for fixed targets. These take into 
account the random character of the radar detection 
process. Figures 2; references: 5 Russian 

Algorithm for Processing Measurement Data in 
Study of Local Radar Scattering Characteristics of 
Objects 

947K0099B Moscow RADIOTEKHNIKA 


> If) ’ { > e ee” 
No 3, Mar 1994 (manuscript received 20 Jan 1992) pp 54 


I) 


[Article by S. Ye. Prosypkin and A. A. Kostylev, UD¢ 


62>] 396] 


[Abstract] An algorithm 1s proposed for evaluating the 
amplitude- phase distribution of the field scattered on a 
reflector surface on the basis of the of field 
measurements in the Fresnel zone. Because of the great 
volume of processed data a high speed of the algorithm 
was necessary. Such problems are sometimes solved by 
the reverse filtering method, but such 
sensitive to the influence of noise, resulting 1 
appearance of unstable, strongly oscillating evaluations 
of field distribution, necessitating introduction of the 
likhonov regularization method. Although such an alg 
rithm has been published, it involves a need for using 
large-dimension matrices requiring considerable 
puter memory and time. An alternative algorithm is 
therefore proposed applying regularization in the regior 
of space frequencies. The application of the 
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demands on computer time. For example, the construc- 
tion of a radar image measuring 128 x 128 points 
requires less than 7 minutes computer time when using 


an IBM PC AT-286. Figures 3; references: 5 Russian. 


New Types of Diagnosis of lonospheric Parameters 
by Surface and Remote Radio Sounding 
947K0099C Moscow RADIOTEKHNIKA in Russia 


Vo 3, Mar 1994 (manuscript received 17 Dec 1991) pp 63-74 
{Article by N. P. Danilkin and N. A. Zabotin, UD¢ 
$51.510.535] 

[Abstract] The capabilities of 1onospheric radio 


sounding are far from fully exploited, especially with 
respect to the detection of 1onospheric inhomogeneities 
at scales from | m to 100 km. The need exists for a 
relatively simple diagnosis of the fine structure of 10ono 
spheric plasma. The results obtained in earlier publica- 
tions are used in examining some modifications of the 
method for (from 
both the surface and from above), the basis for which 1s 
a more refined approach to an ana 
tion coded in the 1onospheric 1 
being the transformation of 1ono 
information on medium 

inhomogeneities. This can be achieved without a radical 
change in 1onosonde design. Polarization measurements 
of backscattered signals require that th 
outfitted with: an antenna system consist 
dipoles with N-S and E-W 
coordinate system 


vertical sounding of the 1onosphere 


1 

i the informa 
Sponse ine objectiy ce 
into a source of 


and sm lonospheri 


rmnosonde be 


ing Of two 
mientation in a magnet 
hannel receiver 


two alibration 


unit ensuring equivalence of the two reception channels 
polarization attachment ensuring reduction of the amphi 
tude and phase relations of the quadrature signal com- 


ful 


alibration 1s stressed 


ponents to digital form. The necessity for care alibra- 
tion of devices for instrument « lhe 
further development of measurement methods requires 


algorithm, with choice of the value of the regularization introduction of the following improvements: increase in 
parameter on the basis of a visual analysis of the oper- number of sounding frequencies, preferably reducing the 
ator, made it possible to obtain a substantial improve frequency interval to 1...10 KHz and with registry of the 
ment in the quality of the radar image in comparison signal level as a function of lag with an interval 0.1 ms 
with the earlier employed reverse filtering algorithm for each sounding frequency. Figures 4, references 61: 39 
The merit of this algorithm ts its simplicity and low Russian, 22 Western 
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Digital Data Transmission System for the Railroad 
Transport 


947K0098A Moscow AVTOMATIKA, TELEMEKHANIKA 
I SVYAZ in Russian No 5, May 1994 pp 2-3 


[Article by I. A. Zdorovtsev, candidate of technical 
sciences, deputy chief of department of signalization, 
communication, and computer technology of the Min- 
istry of Railroads of the Russian Federation [USSVT 
MPS RF], A. Yu. Kazanskiy, head of communication 
sector of USSVT MPS RF, V. V. Shmytinskiy, candidate 
of technical sciences, associate professor of St. Peters- 
burg State University, M. A. Plotkin, candidate of tech- 
nical sciences, department head of the Dalnyaya Svyaz 
enterprise, Yu. P. Ivanov, candidate of technical sci- 
ences, department head of the Dalnyaya Svyaz enter- 
prise, and L. S. Levin, doctor of technical sciences, 
department head of the Dalnyaya Svyaz enterprise: 
“Digital Data Transmission System for the Railroad 
Transport”; UDC 656.254.153.3:621.327.8] 


{Text]Digital data transmission systems (DTT) have 
proved their advantages over analog data transmission in 
communication networks in Russia and other countries. 
However, general-purpose DTT currently produced by 
Russian industry, mainly for the Ministry of Communica- 
tions, do not fully meet the communication needs of the 
facilities operated by the Ministry of Railroads and the 
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operation conditions in railroad cable lines. For this 
reason, the department of signalization, communication, 
and computer technology of the Ministry of Railroads of 
the Russian Federation has placed a contract with the 
Dalnyaya Svyaz [remote communications] scientific/ 
industrial enterprise in St. Petersburg to develop special- 
ized equipment for a secondary digital data transmission 
system to function as an industrial communication link 
element. The system, AKM-120T, has been built and ts 
ready for tests on an experimental railroad section. 


The IKM-120T equipment unit is set up on two sec- 
ondary digital channels. They operate as a two-cable 
four-wire circuit. The IKM-120T equipment includes 
the following elements (see figure): 


Terminal stations (OS). They form and separate sec- 
ondary digital channels, organize remote feeding of 
linear channel devices and provide remote checking of 
DTT equipment; 


Serviced channel separation stations (OPV). They isolate 
channels from the two secondary paths and, if necessary, 
provide remote feeding and remote checking of DTT 
equipment in adjacent sections; 


Unserviced separation stations (NPV) with 1 to 30 
separated channels for communications in a railroad 
section; 
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Unserviced recovery stations (NRP) for restoration of 
digital signals in the course of transmission through a 
linear path. 


One of the two digital linear paths is used for mainline 
railroad communications. It is up to 1500 km long. The 
second path serves for communications in railroad sec- 
tions up to 500 km long. The definition of the second 
path as section-dedicated is largely conventional. It 
reflects the fact that the path includes channel separation 
equipment at intermediate stations, which are used to 
organize industrial communications within railroad sec- 
tions. At the same time, the primary digital flows of the 
secondary linear path that are not isolated at interme- 
diate stations can also be used for railroad and some- 
times mainline communication channels. 


Equipment forming secondary digital flow is installed at 
terminal aggregate communication nodes of the sections. 
It includes the SK-30 channel-forming equipment 
mounted on SATsK-2 racks, and secondary time group- 
forming equipment (SVVG rack). This equipment was 
not developed specially for the IKM-120T system: it is a 
mass-produced unit which was previously included in 
the IKM-120U system that served as a basic prototype 
for IKM-120T. 


The channel-forming equipment can be linked through 
appropriate interface devices to automatic telephone 
exchanges, dispatcher exchanges, and OTS equipment, 
PDI equipment, and other units used in networks of 
mainline, railroad and section communications. The 
signals received from all data sources of a given station 
are subjected to analog-to-digital conversion tn the 
SATsK rack, then forwarded to the secondary SVVG 
group-forming rack and further through the SLO-T-O 
linear equipment rack into the communication line. 


The IKM-120U equipment is used in the general 
national communication network. The IKM-120T dif- 
fers from it in that it has stations for channel separation. 


The functions for separation, digital flow input and 
channel input at NPV and OPV separation stations, and 
the transit of digital signals that do not require separa- 
tion, are carried out by the AV 8/K separation equip- 
ment. The unit is installed in SAV 8/k rack. The SAV 8/k 
rack provides two-way separation-input of primary dig- 
ital channels (PTsK) with transmission rate 2048 kbit/s, 
two-way separation-input of TCh channels and basic 
digital channels (OTsK) with transmission rate 64 kbit/s, 
the transit through nonbranching channels in the digital 
form, and separation of TCh channels in a conference- 
call mode (group channels). 


The distance between the serviced OPV stations 1s 
determined by the capabilities of the remote feed system 
and section telemechanics. It can be as long as 125 km. 
The distance between unserviced NPV stations ts deter- 
mined by the communication circuit of the railroad 
section concerned. 
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For effective use, the NPV equipment should be located 
only at those stations where the channel demand is 
similar to the channel capacity. Many of the stations ina 
railroad network (passenger platforms, sidings, etc.), 
require a small number of separated channels. It is not 
cost effective to install separation equipment at such 
Stations, especially since often they have no properly 
equipped areas a safe installation of these units. There- 
fore, the separation equipment will be installed only at 
stations spaced by distances from 10 to 30 km. A certain 
number of OTS subscribers will remain at small stations 
and sidings. 

Statistical studies indicate that the number of subscriber 
OTS outside stations can attain six or more. Connecting 
them to intermediate equipment at stations through 
physical mainline cable pairs would not be justified, 
because it would lower cable utilization efficiency and 
reduce the utility of the transmission system for OTS 
organization. K-3T low-channel equipment with fre- 
quency channels separation can be used at the present 
time for this purpose. Up to six channels can be orga- 
nized with this equipment when two pairs of cables are 
used in frequency range from 0.3 to 30 kHz 


The use of analog equipment in the subscriber component 
of the railroad section communication network will result 
in a slight deterioration of channel quality. For this reason, 
we studied the possibility of introducing digital equipment 
with individual channel coding and a low channel capa- 
bility. This will make it possible to bring the digital signal 
to the subscriber, greatly improving the communication 
quality and expanding the network expansion potential 
Another advantage will be the possible future transition to 
integrated communications. 


IINEAR PATH In developing the IKM-120T linear 
path equipment, we took into account the specifics of 
organization of cable mainlines on railroads and their 
0; eration in conditions of exposure to strong interfer- 
ence. A new telemechanics system with improved reli- 
ability has been developed for the linear path. Protection 
from pulse interference and induced currents from cir- 
cults in railroad sections with electric traction has been 
provided. The functions linear path equipment have 
been greatly expanded compared with the transmission 
system afforded by IKM-120U. 


These advantages of the linear path are realized by a 
tripling of the pulse amplitude at the regenerator output 
compared with IKM-120U performance. In addition, 
protective devices (F-50 filters) are included in the linear 
path, which are tuned to SO Hz; currents from traction 
circuits should be grounded through these filters. Protec 

tive ZF filters are also installed into third-party circuits 
and circuits where impulsive interference 1s likely to 
occur. A two-frequency telemechanics system provides a 
possibility of separate remote checking of the mainline 
path and the section path. The remote mechanics facility 


of the section path 1s provided with redundancy backups 


The linear path equipment includes the racks of linear 
terminal station equipment (SLO-T-O), the separation 
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ns (SLO-T-V), the NRP equipment, the input- 
racks (SVL) and protective filter racks (SZF) 


remote transmission to the ter- 
ial number of the affected NRP 


cabinet door Will 


ft the ser 


the 


minal station « 


NPV linear equipment consists of two racks: SZI [he basic components of the IKM-120T equipment 
filters and the linear equipment of the SLO- system will be described in more detail in a subsequent 
separation station. The SZF is intended for ZI publication 
t filters. They are included in the cable circuits 


ire the sources or transmitters of pulsed interfer- 
In addition, the inclusion of ZF greatly reduces the 
the output the regenerator input 
third-party circuits. SLO-T-V contains a set 

way linear regenerators for the mainline path, and 
regenerators for the railroad section path 
onnect SAV 8/K to the latter path 


trom to 


Future Prospects of Railroad Communication 
Networks 
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\ ib] rcuits must be connected to SVI ! Railroad Communication Networks”] 
ick, as well as SZF, houses protective 
[Text]In the past few years, communication technology 
has been developing at a fast pace. Leading manufac- 
two linear paths is installed in SLO-T-O turers have brought vanious kinds of equipment to world 
! lation generators, the remote power supply markets. The new equipment does not just improve 
\d the mainline and section telemechanics ymmunication quality and reliability, but greatly 
broadens tt ang ! services offered to users. The 
rati f two secondary linear paths general trends of communication technology develop- 
ibility of industrial communicatior ment have affected railroads and their modernization in 
to the backup capabilit! lo this end many European nations. Deutsche Bundesbahn (DB) 
irate lt only the chal tion paths the German railroad system, 1s a world leader in this 
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national agencies have reserved these bands for thei 


respective national railroads 


Equipment for a system of communication with mobile 
objects under GSM standard with application to rail- 
roads is still being developed. This made the information 
presented on the second day of the meeting particularly 
During debates after the conference, 
speakers emphasized the importance of testing main 
engineering solutions On an experimental railroad sec- 
tion to be equipped by the tall of 1994 


Interesting 


In taking stock of the seminar, the participants expressed 
lopes that a unified railroad network for Europe will be 
created in the near future. Railroad modernization 
trends in European countries should therefore be coor- 


dinated. Sharing of informatrton among engineers 
involved in decisions concerning the technological and 

ganizational aspects of railroad systems will help 
achieve this object 


Regulating Use of the Radio Spectrum 
147K 1 Af Mu PESTNIK SU YAZI in Russian 
Vo 4. Apr 1994 pp 9-1 


hArtiche by Y \ Pol laveva division director RC ¢ 


equipment and radio 


Irequel 5 Y! ifthe most important functions of any 
S State. Itis entirely obvious that with formation 
of independent stat yn the territory of the former 
USSR, these problems have acquired priority signifi 
ince to national administrations for communications 
(AC), and the most persistent attention has been devoted 
to them from the very first steps in forming the Regional 
Comn.onwealth for Communications (R¢ 
The pr ples deter ing mutual relations among A‘ 
RCE the area of regulating use of the radio-frequen 
S \ 1 as eal is in the first meeting 


it the International 


ommunications 


elations in this area 


bodies for state manage- 


{ t} { fy eT spectrum, AC RCC 
ire f it ical standards, and 
! agreements developed and con- 
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program of a commission created in the RCC on the 
problems of regulating use of the radio-frequency spec 
trum and the EMS RES [not further identified], and they 
served as the basis for creating the plan of jointly 
financed scientific research conducted in the general 
interests of AC RCC on these subjects 


In the 2 years since the moment of the Commonwealth's 
formation, a large volume of materials has been prepared 
on administrative, legal, normative, technical and meth 
odological support to the activity of bodies for state 
management of the use of the radio-frequency spectrum 
and EMS RES. The “Agreement of RCC Communications 
Administrations on Dividing International-Series Call 
Signs, Numbers for Selective Calling of Shipboard Sta- 
tions, and Identification Numbers of Shore Stations Allo 
cated by the MSE [not further identified] to the USSR 
Communications Administration’ was signed and 
enacted. The mechanism of implementing this Agreement 
was determined tn drafted Recommendations 


) 


The draft of the standard “Agreement Between RC 
Communications Administrations on Coordinating Use 
of Frequencies in the 30-1,000 MHz Band by Stations of 
Land Mobile and Fixed Services in the Border Regions 
of a State” was approved 


The first edition of a plan for dividing, among RC‘ 
communications administrations, the frequencies allo 
cated to the USSR on the basis of the Geneva-/75 
international plan for long- and medium-wave radio 
broadcasting stations was prepared. Continuation of 
work on the plan requires AC RCC to draw up and adopt 
a program concept of national and interstate voice 
frequency radio broadcasting. The results of work on the 
plan may become the basis for coordinated actions by 
AC RCC in a future regional conference of the MSE on 
modifying the Geneva-75 plan 


International legal protection to frequency assignment: 
of AC RCC 1s provided through ongoing analysis of EMS 
of frequency assignments to stations of the broadcasting 
service based on orders from foreign communications 
administrations and publications of the MKRCh [not 
further identified], insofar as they affect the interests of 
communications administrations. The results of this 
work are being implemented by AC RCC tn the course of 
coordinating with the communications administrations 
of contiguous states 

Continuation of previously initiated scientific research 
will make it possible for communications administra 
tions to automate a number of the technical processes of 
expert evaluation of EMS and accounting for radio 


equipment, and to develop the principles of technical 


anage! tol radio-Irequency spectrum policy and positions of AC RCC tn anticipation of 
" i } ' ,inier »| 1 ) ] P } 
The proy p yu proup in relation to all forthcoming international conferences 
f the | rT ' ; of creating national bodies to 
manag 1d10-1re ! pectrum may be Organization of new work within the framework of 
! t yoint projects carried out by onversion of the radio-frequency spectrum will make 1 
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radio-frequency band distribution tables and widening 
the spectrum of radio frequencies used in the interests of 
the national economy 


Concurrently with providing organizational, legal, norma- 
tive and technical support to the activity of bodies for state 
management of the use of the radio-frequency spectrum, 
the personnel of these bodies were trained and upgraded 
Four seminars on this subject matter were conducted in 
the last 2 years: a regional MKRCh seminar in Geneva, 
seminars in Moscow and Frankfurt-am-Mainz, and a 
regional seminar in St. Petersburg; the leading specialists 
of scientific research and planning institutes, the Russian 
GKRCh and GIE [not further identified], the Mors- 
vyazsputnik State Enterprise, and International Aviation 
Committee and other organizations provided consultation 
at meetings of the Commission; fragments of software 
supporting automated systems for frequency planning and 
expert evaluation of EMS being developed for individual 
radio services were demonstrated 


The Program to Establish a Complex of Regional Cen- 
ters for Training and Preparation of Personnel in New 
Communication Technologies has now been drafted 


As a rule, regional centers are being formed on the basis 
of higher educational institutions of the corresponding 
profile, with regard for their territorial distribution and 
the conditions of specialization in particular directions 
of communications 


There are plans to train specialists in distribution of 
frequencies and EMS RES tn two centers in Russia 
Northwestern and Volga 


The Northwestern Center 1s being established on the 
basis of the Leningrad Electrical Engineering Communi- 
cations Institute (LEIS), which has close contacts with 
the Leningrad Sector Scientific Research Institute for 
Radio (LONIIR)—practically the sole research institute 
in the country dealing with the problems of industrial 
radio interference. Its training 1s oriented on distributing 
radio frequencies, supporting EMS RES, and setting 
standards on industrial radio interference 


Phe Volga Center is being organized on the basis of the 
Volga Institute of Information Science, Radio Eng) 
neering and Communications (PIIRS—formerly the 
KEIS) with the assistance of specialists from the Samara 
Scientific Research Institute of Radio (SONIIR). Its 
training 1s oriented on electromagnetic ecology 


[he listed projects and the organizational, legal, nor 
mative and technical materials developed in the inter- 
ests of AC RCC allow communications administra 
tions 


base of standards and laws supporting 
bodies for 


* to create the 
rganization and functioning of national 
the management of the use of the radio-frequency 
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* to conclude bilateral agreements and coordinate 
frequency assignments to the equipment of land 
mobile, fixed and radio broadcasting services in 
bands above 30 MHz: 

¢ to develop new 2,300-2,500 MHz and 7,250-7,550 MHz 
radio-frequency bands for civilian communication 
equipment, and 11.7-12.5 GHz bands for equipment 
intended for direct satellite television broadcasting 


Ihe results of work done in the preceding period attest to 
the suitability and effectiveness of cooperation among 
AC RCC. Such cooperation made it possible to quickly 
solve a large number of problems in support of creating 
national management bodies, even when most commu- 
nications administrations lack a scientific research base 
and trained scientific and administrative personnel. A 
number of communications administrations have 
already formed national bodies for managing the use of 
the radio-frequency spectrum, drafted and adopted a 
number of laws and standards regulating their activity 
and begun forming national frequency assignment data 
bases on the basis of bilateral cooperation with the GIF 
of the RF Ministry of Communications 
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In the mid-1960s the basic parameters of these systems, 
which operate in the surface layers of atmosphere, had 
already been determined. The first communication lines 
had been developed and tested CSRIC in 1965-1967 in 
various climatic zones: 1n Moscow in an urban network 
(Moscow State University-Zubovskaya, 5 km; ATS 146- 
ATS 148, 3.6 km), a suburban network (Moscow- 
Krasnogorsk, 18 km), in Kuybyshev (across the Volga 
River, 5 km), and in Yerevan (Yerevan-Byuro kanskaya 
Observatory, an inclined track, 28 km). The visible and 
near infrared ranges had been studied (0.63 um and 10.6 
[g Jmm). It was found that open (atmospheric) trans- 
mission lines were exposed to the effect of meteorolog- 
ical conditions and did not provide the reliability needed 
for the general state communication network. 


The next step in mastering the optical range was the 
creation of lightguides in the form of guide tubes with 
built-in optical correcting devices to focus and change 
the direction of the optical radiation. In the USSR 
(CSRIC, the Dalnyaya Svyaz Scientific Research Insti- 
tute, and the Institut e of Radio Engineering and Elec- 
tronics of the USSR Academy of Sciences) and several 
foreign countries this type of lightguide was created, and 
laboratory and test range lines were studied. It was 
shown that lightguides with discrete correction have 
small losses (2-4 dB/km), have an extremely broad band 
and provide for the transmission of extremely large 
streams of information. However, these lines proved to 
be expensive, required changes in the automatic control 
devices of the beam regulation sy stem, and involved 
complex methods of laying them in the ground. Thus, 
guide tubes were not widely used in communication 
systems. 


The results obtained by the specialists at CSRIC in 
studies of atmospheric and lightguide communication 
lines with discrete correctors were discussed at interna- 
tional conferences and met the level of scientific and 
technical work conducted in other countries. 


The creation of optical transmission systems (OTS) 
protected from external effects became possible with the 
development in the late 1960s of dielectric optical fibers 
with small losses. By this time, optical fibers were widely 
u sed to transmit images. A bundle of two-layer optical 
fibers were used with coherent arrangement. These fibers 
provided goo d resolution for image transmission over a 
distance of several meters. Losses in these lightguides 
were several thousand dec ibels per kilometer, and thus, 
could not be used to transmit information over large 
distances 


Later, losses were substantially reduced in dielectric 
multi-component fibers (to 20 dB/km) and abroad and at 
the institutes of the Academy of Sciences of the USSR a 
technology was developed for the manufacture of quartz 


fibers with losses of 5-10 dB/km 


his ended the first stage of development of OTS and 
initiated the second, qualitatively new stage based on the 
use of fiber optic cables for trans mission. The small 
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attenuation of optical fibers and their immunity to 
electric and electromagnetic effects gave them excelle nt 
prospects for use in the development of transmission 
systems. Development of this type of equipment in our 
country since the beginning of the 1980s has been 
primarily directed toward the creation of connecting line 
equipment. 


Urban networks. The planned introduction of optical 
cable in the country’s communication networks began in 
the mid 1980s with the creation of a set of terminal and 
intermediate stations for the Sonata-2 fiber optic com- 
munication system for urban connecting lines. 


The first mass-produced urban optical cables were cables 
produced according to specification TU 16.705.296-86, 
bran d OK-50, based on four and eight multi-mode 
gradient optical fibers at a wavelength of A = 0.85 um 
with two gradients in the attenuation coefficient: no 
greater than 3 dB/km and no greater than 5 dB/km. 


The equipment in the Sonata-2 fiber optic transmission 
system, which was designed to use these optical cables, 
has been mass-produced since 1986 and provides for the 
organization of 120 tonal frequency channels with a 
transmission speed of 8.488 Mbit/s, with a regeneration 
length of up to | 2 km. Since December 1986 more than 
500 of these systems have been put into operation in 60 
cities in the CIS. The manufacturer has produced more 
than 1000 systems (more than 2000 stations). Produc- 
tion of Sonata-2 equipment ceased in 1991. 


In 1988 development of the IKM-120-5 fiber optic 
transmission system was completed. This system 1s 
intended to organize urban connecting lines with a 
regeneration length of 12/30 km, A = 0.85/1.3 um. The 
set of equipment is completely unified (in con struction 
and servicing) with the largest primary digital transmis- 
sion system for urban telephone networks, the IKM- 
30-4, whi ch uses copper wire cables. Mass production of 
IKM-120-5 began in 1990. More than 100 systems have 
been created, mainly for Moscow and St. Petersvurg. 


A tertiary fiber optic transmission system, Sopka-G (IKM- 
480-5) has been developed for urban networks. The system 
organizes 480 tonal frequency channels with a transmis- 
sion speed of 34.368 Mbit/s, A = 1.3 um. An exp erimental 
line was constructed 1n the city telephone network of Perm 
using two systems. It was in experimental use until the end 
of 1991. Now, it is in commercial use. Four experimental 
stations (two systems) were set up in the city telephone 
netw ork of St. Petersburg. According to data from Gir 
posvyaz, the volume of production of Sonata-2, IKM 
120-5, and IKM-480-5 equi pment should mostly satisfy 
the demands of the city telephone networks of Moscow 
and St. Petersburg until 1995 


Better designs of OK-50 and OK-10 cables, optical 
connecting lines, were developed for the new generation 
of urban fiber optic transmiss 1on systems. The cables are 
manufactured according to specification TU 16.K7!- 
084-90 with 4, 8, and 16 one-mode optical fibe rs with an 
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tion Association conducted state testi 

ation of fiber optic transmission syst 
which provides a higher level of effectiveness. I1 
Sopka-3M system for intrazone networks. TI 
ment operates at A = 1.55 un 

Trunk lines. Development fi} 
transmission systems intended ! K | 

has been completed 

Sopka-4, A= 1.3 um, 140 Mbit/s, Soy 1M 

1.3 um, 140 Mbit/s 

Introduction of the Sopka-4 t 

network began in 1J/988 : 


Minsk-VOLS-33 [fiber opt: 


Optic connecting line, const 


Evaluation of the results of implementation. W 


’ . } ] 
going into a detailed analy 
ment and introducti { fib 
mission equipment, we 

weal ' . mst 
development in Russia a 
only we are somewhat bi 
irtually the same tin 1] 

) R 4, j f ! 
researct rs (] ndam nia 
yvalancl nd < ' 
nulti-laver stru () 

cyry ) TY) re T 1es 
tT t t dl Te ] a 
rs c 1 ryr t 

i ? 

guipme! 
| +/ +} y , 

[ ryrTy) nt } ? 

| t fall , } ‘7 t 

ra tat ery k 
| t} } 7 i 
Tig 1 | f » up 

her 7 
ipa t t | iT 

na . ! 
7 8 ? { 1? } 
| { f 1 thar 1 
‘ ‘ ‘ ' +} : } , } 

i. + ‘ 
al } ) 
t j 7 + 4} On 
\ } 
e ‘ 

} 0 ' ' t 

| ma } 

; mr if ‘ 

Ps ' | ; ' ; ' ‘ 
timates 
e a signil port 
7 
iT) 9 | ; 
} TY 
{ 11) MA 








80) TELECOMMUNICATIONS 


laken together, all of these features may not lead to a 
qualitative change in the structure of the network. With 
this universal transmission equipment, One can construct 
more optimal switching systems 


Che information capabilities of fiber optic transmission 
equipment has in recent years greatly stimulated the 
creation of subscriber broadband networks. This work 1s 
being conducted all over the world. In parti cular, 
Siemens ts planning to create the conditions to provide 
broadband digital channels with transmission speeds of 
up to hundreds of Mbit/s by the year 2000. This will 
make it possible to unite into a single network and 
provide to a subscriber not only telephone communica- 
tion, but also television, radio, data transmission, and 
color fax transmission 
non-telephone services will be more than 20% per year. 


In Russia, no national program for the creation of 


integrated broadband networks has been financed 
Nonetheless, cable television systems are being intro- 
duced, and methods of inte grating these systems with 
telephone services are being discussed 


Events in the area of price formation in the market for 
domest! 
discussing the relative economic advantages of metal 
cables over optical cables. The optical cable for sale at 


} 


present 1s two to three times cheaper than metal cables 


Based on an analysis of the features of the development 
and introduction of fiber optic communication equip- 
ment in Russia, let us formulate the main directions for 
further development of this field 


In the creation of connecting lines, the efforts of devel- 
lirected toward increasing regeneration length 


This 1s especially important in the 


opers are 
ind throughput 
reation of under water trunk lines and transmission 
lines in sparsely populated regions. It 1s expected that the 
main variant of this type of line will be transport systems 
with a synchronous hierarchy. The technical capabilities 
which make it possible to develop th 1s line or research 
are: mastery of more longwave regions, the creation of 
tems providing a soliton mode of propagation in 
yptical fibers, the development of highly effective 


luantum amplifiers el 


{ 
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The specialists at CSRIC are solving a number of tech- 
nical problems associated with this important issue. 
Preliminary results indicate that the use of optical cables 
in subscriber portions of networks 1s completely realistic, 
and makes it possible to create an integrated network 
providing transmission to the subscriber of broadband 
information and delivery of services of any type, and 
with a significant economic effect even today. 


Comprehensive introduction of fiber optic information 
transmission equipment, including in subscriber por- 
tions of networks, undoubtedly involves the improve- 
ment of switching equipment. 


Fiber optic lines have a colossal throughput. The cost of 
capital expenditures to increase capacity will increase 
insignificantly. 


Preliminary studies done by CSRIC show that by 
changing the configuration of the network slightly, one 
can significantly reduce the expenditures for switching 
equipment. 


In the course of improving switching equipment the role 
of passive optical elements increases (couplers, splitters, 
multiplexers). Work is continuing to create purely 
optical switching fields, where the light beam 1s switched 
by an optical control signal 


As for the distant future, currently poorly developed 
devices for nonlinear and holographic optics may play a 
significant role in the creation of switching equipment 


In conclusion we note that it 1s gravely erroneous to 
consider fiber optic equipment only as a new method of 
information transmission. We should understand that the 
prospects for the development of this area are not limited 
to connecting lines. Gradually, in electric communicator 
not only will the structure of lines change, but also the 
methods of processing and switching signals based on new 
generations of optical integrated circuits. This will 
undoubtedly affect the evolution of the network 
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of reliability under rather difficult working conditions 
the solution of this problem 1s an important independent 
field of science 


[his paper examines basic trends in the development of 
aluminum, titanium and nickel allovs used tn the aircraft 
industry. 


Other than beryllium, which 1s quite toxic, lithium is the 
Only element that reduces density while simultaneously 
increasing the modulus of elasticity of aluminum alloys 
increasing the mass fraction of lithium in aluminum 
alloy by | percent reduces density by an average of 3 
percent, and increases the Young's modulus by 6 per 
cent. Lithitum-containing aluminum alloys are being 
developed structural components 
where reducing mass may save fuel. Studies have shown 
that | 

ably reduce the mass of an item. Use of 
Al-3%L1 makes the finished article 10 percent lighter 
and with design modifications 
All this will dramatically improve the 
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ithium-containing aluminum alloys can considet 
an alloy of 


even as much as 16 
percent lighter 
technical and economic characteristics of a number of 


articles. For example, reducing the mass of an aircraft by 


454 g reduces fuel expenses by roughly 250 dollars over 
the course of its service life 
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Fig. I 
Comparative diagram of properties of aluminum-lithium alloys grades 1420, 1460 and 2219 (a) and conventional 


aluminum alloys grades 1450, 7075 and 1440 (b) 





As of now, CIS nations can make a rather wide range of 


intermediate products and articles of aluminum-lithium 
plates, stamped blanks, sheets and structural shapes. Fig. 2 
shows the use of alloy 1420 in a structural component of the 
MIG-29 supersonic aircraft. The increased attention being 
given to aluminum-lithium alloys by aircraft builders all 
over the world is an indication that the demand for them 1s 
going to increase unabated (Fig. 3). However, a factor that 
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Fig. 2 
MIG-29 aircraft tank compartment made of aluminum- 
lithium alloy 1420 (arrows indicate frame bulkheads 





will hold back wide-scale use of these alloys is still the 
comparatively high cost, which will undoubtedly go down as 
production volumes increase. 


The production of titanium ts on the increase in CIS nations 
(Fig. 4). Large enterprises have been set up that produce 
titanium sponge and the widest range of intermediate prod- 
ucts of various titanium alloys. Table 2 shows the range of 
intermediate products made by metallurgical plants, com- 
bines and associations in Russia. 
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Fig. 3 
Outlook for development of aluminum-lithium alloy 
intermediate product manufacture in Russia 
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Fig. 4 
Dynamics of production of titanium alloy intermediate 
products in Russia 


























lable 2. Classification of Titanium Alloys and Types of Titanium Intermediate Products in Russia 














Type of alloys oy, MPa Types of Intermediate Products 
Plates, Structural Forgings, Pipes Bars, | Rings Wire 
Sheets Shapes Stamped Beams 
Blanks 
+ +. + + ; + ‘ 
Unalloved Titanium VT1-00. VT-00 300- SOE ¢ ‘ ‘ ' ‘ ' ‘ 
+ + + + 4 
Medium-Strength Alloys OT4- 14-1014 SU + + + 
\ rAS + ; + + 
| { + + + 
+> + + + + + 
High-Strength Alloys VI6, VT14, VT22 00- 125 ' ‘ ' ' ' 
+ + + + ? + 
Supera VT31, VI9, VTI8, VT20, VT25 + + + + 
+ + + + | 
12S ‘ + + + 
Casi A VISL, VI20I 0-95 Die Casting 
Note. He means the alloy 1s used means that it 1s not used 
lable 3. Titanium Alloys 
System Grade Oy, MPa 
a-Alloy VT1-00 300-400 
+ 
\ I 1 _( 400.5850 
s 
VTS-] ROO. L000 
i id 1-A . »[ 4 SO0.450 
+ 
()T4 400-750 
7 
AT-3 150-1150 
V1 ; 9$0-1150 
VT-25 1050-1250 
1 } ‘ port tal teyrr yf mn whic h 1S ¢ rmav be yovrighted in a number of countries I herefore copying and Or 
| | i 1 f ition oft! port 18 expre prohibited withe ut obtaining t le permission of the cop right owner(s) 
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Table 3. Titanium Alloys (Continued) 


System Grade 6,, MPa 
_ + ——__—— + 
a+$-Martensite Alloys VT6 8 $0- 100 
VT3-1 1 206 
. —- ; 
VT8 W)-1 2 
r — + 
VT9 Sf) 
_ — -_ = - + 
VT14 
Eee an | 
VT16 850-950 
i = - 
| Vt23 4 Wy?) 
me : 
a+B-Alloys of Transitional Type VT 22 0 (1400%) 
a - . 
VI wW RIM) (1 00* 
} _ a 
Pseudo-B-Alloys Vt-15 » 300" 
IS6 a *) 
B-Alloys 4201 ) 





At the present time, more than 50 different grades of 


titanium alloys are in use. The most extensively used are 
summarized in Table 3. Without going into details about 
the advantages of the main groups of alloys, it should be 
1oted that alloys with strength ranging from 400 to 1400 


MPa are 1n wide use, including some that are capable of 


continuous duty at temperatures as high as 600°C, and 
some that have outstanding corrosion resistance and 
shape memory. With regard to the particulars of Russian 
technology in the production of intermediates that might 
be a subject of discussion with titanium producers, note 
should be taken of the following points. 


Production of Pressed Electrodes 


r 


} 
i 


Some charge materials (titanium sponge, processed 
wastes and dopants) are continuously pressed into 
consumable electrodes (Fig. 5) of required length and 


diameter. 

















Autocrucible Melting of Titanium Alloys 


rf 


Slat 


onventional methods 
that now ensure sat the necessary require- 
ments with respect to composition of metal 
homogeneity, and absence of inclusions, a method of 
autocrucible melting with « Skull has been 
developed. It has the following advantages 


Along with the deve 


pment of 


t { 
di 


ion 


chemical 


msumable 


¢ capability of adding up to 100 percent of wastes of 
various $17es 

¢ exclusion of the need for pressing consumable electrodes 

° capability of melting ingots from alloys with high 
content of refractory elements 

* increased homogeneity of cast material 

e exclusion of the possibility of formation of low- 
density and high- density inclusions 

e increased productivity of the melting process 

Furnaces are now available that can pour off as much as 


5S metric tons of metal 


Producing Titanium Foil by Vaporizing and Condensing 


An industrial facility has been 


ii ! Ggeveiopea yg aking 01] 
from titanium and Its alloys by the method of vaporizat 
and condensation. This unit can produce foil from 10 to 50 
um thick and 400 mm wide for making h omb str 
tures and for other purposes. High-qu tit: m alloy 
powder 1s also being produced (Table 4) with vario S 


of strength and heat resistance 





lable 4. Mechanical Properties of Titanium Alloy Powde 
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be used 1n the form of 
walls (Fig. 6). In this 
t deformable interme- 


lly shaped titanium 


rease their use in 
vell. For example, in 


) | tamped bh} 
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Thanks to the excellent weldability of titanium alloys 
their use in the welded version of structural components 
continues to increase. Fig. 7 shows a part of the IL-76 
transport plane landing gear with load capacity of SO 
metric tons made of high-strength titanium alloy welded 
from three components 





Aircraft 
stamped part 


Structura 








At A. N. Tupolev Aviation Scie! ind 
Complex 


} neineering 
an automated facility | been developed for 
electron-beam welding of t! enter section in vac 


with 24 x ®& m working sectior 


Heat resistant nickel ali \ | ed in the 
welded structural comport iS 1 ngines that 
art capable ty continuous dut at high ten peratures 
(above 550-650°C with simultaneous action of an aggres 
sive medium. Depending or my tion and structure 
these alloys can b issified as heat resistant homoge 
neous alloys and as heat! Stant precipitaviol hardened 
yllovs 

Heat resistant homoge! nclude nickel 
hromium alloys having ti sustenitic structure of a 
v-solid it that bdenum 
tungsten and (] 
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Table 5 .C hemical Cc omposition of Nickel Alloys” 
Grade of Alloy Mass Fraction of Elements, % 
; T my T a 
( Mn Si Cr Co Mo | W | Nb li Al Fe Other 
; } 
F lements 
re T 7 T ? | a ——— ¢-— - —+ +- + + + 
Not ae Not More 
Than Than 
+ + + + + + + +- + + 
KHN78T (E1435) 0.12 0.7 0.8 19-22 , 1S <()§ f 
1} 348 
- — — +— + + + > + + +—- + > +> 
KhN7SMBTYu 0.08 4 0.8 19-22 | .8- 0.9- 0.35- (0.35 8 
(E1602) ?3 13 075 75 
—-— a + - > > + + - + — > + > > + + 
KhAN60VT 0.10 5 )8 >3.5- 13-16 ww so 4 
(E1868) 26.5 (). 71 
+ + + + + +—_—_—_-——_+ + + + + } 
KhN67VMTYu 0.08 5 ¢ 17-2 40- | 45 2? 
(EF 202) 50 | > RI 
- - + + + + + + + + + + + 
KhN77TYuR 0.07 0.4 16 19-22 2.4 0.6 
(E1437B) g 1 Or | 
j } PP 
+ > > + > > > > - > + > 
KhNS68VMTYu 0.1 0.5 ).6 9-22 4-6 9-11 110 2.1 4 0.008 B 
(EPI99 1 Al »*¢ 
KHNSOMVKTYuR 10 4 5 18-22 5- 8 35 “8 1 Of ).§ K 
(E P99) | 5.0 ; Sf , 5 ( 
Since the tendency to cracking of welds in precipitation Interest of designers in the new _— iS continually 
hardened nickel alloys is determined mainly by body increasing, and therefore it 1s possible that the number of 
Stresses that arise during segregation from solid solution web disks made from powder silovs in civil aircraft 
of the y’-phase, graphic relations have been proposed for engines will increase each year 8) 
evaluating the inclination of alloys to this forrn of 
fracture as a function of their content of titanium and 
aluminum. In accordance with the proposed classifi -a- 
tion, these alloys can be divided into three groups z 
5 
In the first group are weakly aged alloys with y’- phase S 
content of no more than 3-5 percent that are not inclined 7 
to cracking with heat treatment = 
| 
. 0 
The second grcup comprises alloys with y’-phase content 
of not more than 18-20 percent, which corresponds to = 
1.5- 3.6 percent of aluminum and 2-5 percent of tita- ~ 
nium. Alloys of this group are characterized by moderate 
inclination to cracking 
| 1980 1985 1990 1995 2000 Y car: 
In the third group are high-temperature kel alloys 
containing more than 20-25 percent of y-phase, which Fig. 8 
corresponds to more than 3.6 percent of aluminum, and ' 
more than 5 percent of titanium. To reduce the tnclina- Diagram of production of nickel disks made by powder 
tion to cracking during heat treatment of welds in this metallurgy 
group of alloys (EP617, EP742 and others), prolonged 
multistage extended aging 1s needed 
In recent years, powder nickel alloys have elicited the Research by physical metallurgists has led to develoy 
greatest attention among aircraft engine designers. The ment of new alloys based on the technology of granul 
high crystallization rates during production enable a metallurgy, using effective dopine to reach highet 
considerable increase in the content of y’-phase (more of properties than those now used in CIS nations and t 
than 60 percent) by doping, thereby increasing the United States (Table 6). The new alloys give 
strength properties of nickel alloys both at room tempe1 bility of achieving a level of permanent strengt! 
ature aud at high temperatures and 750°C that has not vet been reached ther a 
This report contains information which 1s or may t yp yrighted in a number of countries. Therefor 
further dissemination of the report is expr p bited without obtaining the permission of the p 
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lable 6. Mechanical Properties of Granular Nickel Alloys at 20°C 


T 
07). 2, MPa 


Grade of Alloy oy, MPa 
; ; ; 
EPU4IP 1280 ROO 
' ’ t 
EP74imP 1300-1400 850.970 
; , , 
EP962P 150 | 1100 
] T 
EP962P 1700 1300 
t , 
ASTROLOL!* 1440) 900 
] ] 
RENEQS® 1610 1260 
; ; ; 
MERI 1480 1010 | 
' ' + 
IM100* | 1500 1100 


*Allovs used in the United States 


5, % 





T 
| w, % Lensile strength 
| | 7 
18 900 600 
; 
14 950. 1000 650 
; 
12 1080 
t 
12 1100 680.700 
745 
ik S63 (094° °*) 
} 
12 1050 (469920) 
' 7715 
1§ 682 (093° °*) 
‘ . 
5 
12 180 (a 48 44) 








The development of new alloys based on aluminum, 
titanium and nickel, as well as me hods for producing 
permanent welds of high reliability extends the capabil- 
ities of aircraft equipment designers in creating a new 
generation of flightcraft 


However, increasing requirements for quality of welds, 
and tor alloys from which they are made, are raising a 
number of complex problems for material scientists and 
welders that will require the combined efforts of 
researchers of different nations for solution. 


Aerodynamic Characteristics of Delta Wing in 
Hypersonic Flow 

947J0048A Novosibirsk PRIKLADNAYA MEKHANIKA | 
TEKHNICHESKAYA FIZIKA in Russian Vol 35 No 2, 
Mar-Apr 94 (manuscript received 31 May 93) pp 66-69 
[Article by V. Ya. Kiselev, \. Maslov and A. N 
Shiplyuk,; UDC 532.526] 


A. 


[Abstract] Studies were made of a test model of the 
Hermes high- altitude space plane, specifically, the delta 
wing with Mach numbers of the oncoming flow M,,, = 
20.6 and 8.0 and with several different Reynolds num- 
bers along the length of the model. The research at Mach 
20.6 was conducted in the T-327 nitrogen wind tunnel at 
the Technical and Applied Mechanics Institute, Siberian 
Department, Russian Academy of Sciences. This tunnel 
has a working part in the form of a conical nozzle with a 
diameter of the exit section 220 mm. Much material on 
the T-327 experimental method and the results of its use 
in testing of control models has already been published 
by the same authors. Experiments at Mach 2.0 were 
carried out in the T-326 wind tunnel at the same insti 
tute. The tested models measured 50 x 50 x 150 mm. The 
objective was to compare these findings with the results 
obtained by other researchers. Two control models (HB- 
| and HB-2) were tested in the T-326. The introduction 
of highly efficient thermostating made possible more 
precise determination of the aerodynamic characteris- 
tics. The results are presented in a number of graphs and 
analyzed in detail in the text, where a comparison 1s 





made with data obtained in other laboratories. It was 
found that the thermostating of the strain gages, in 
particular, makes it possible to create wind tunnel bal- 
ances which are suitable for rekable measurements 
under conditions of a hypersonic high-temperature flow 
and to obtain highly reliable aerodynamic characteristics 
of the delta wing in a flow with the mentioned Mach 
numbers. Figures 3, references 14: 4 Russian, 10 
Western. 


Interrelationship Between Acoustic Properties of 
Nozzle Head and Combustion Chamber With 
Exciting Transverse Gas Oscillations 


947J0048B Novosibirsk PRIKLADNAYA MEKHANIKA I 
TEKHNICHESKAYA FIZIKA in Russian Vol 35 No 2. 
Mar-Apr 94 (manuscript received 15 Jan 93, after revision 
14 May 93) pp 123-130 


[Article by B. I. Malinin, UDC 534.28:536.46] 


[Abstract] With an increase in thermal stress in the 
combustion chambers of liquid-propellant rockets (with 
an increase in their diameter and operating parameters) 
the principal condition for structural reliability 1s 
ensuring stability of the combustion process relative to 
acoustic gas oscillations upon attaining a high complete- 
ness of fuel combustion. This can be ensured only by 
imposing restrictions on the design of the nozzle head so 
that there will be the required composition of the mix- 
ture. Accordingly, an experimental study was made of 
-he influence of the diameter and length of the combus- 

m chamber, as well as structural components of the 
nozzle head, on the stability of the combustion process 
relative to transverse gas oscillations while adhering to a 
constancy of the other structural and operating parame- 
ters. The experiments were conducted in cylindrical 
combustion chambers 196 and 280 mm in diameter, 
graphically illustrated and describe’. detail. Sensors of 
oscillatory pressure were positioned on the combustion 
chamber walls. The frequencies of the transverse gas 
oscillations were 2.7 kHz and 1.8-2.1 kHz respectively 
for the two tested chamber diameters. These frequencies 
correspond to the fundamental tone of the gas oscilla- 
tions. Figure | is a diagram vi the chamber. Figure 2 
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gives the dependence of fuel mixture flow velocity in the 
gas ch; .nels at which tangential gas oscillations arise in 
the chamber when a stoichiometric mixture is com- 
busted on the length of the gas channels in the nozzle 
head. Figure 3 gives comparative test data for chambers 
of the two diameters. Figure 4 shows the dependence of 
fuel mixture flow velocity in the channels at which 
tangential gas oscillations developed in the chamber on 
the position of metal rods of different diameter along the 
head channels. Figure 5 shows composite data in the 
form of the dependence of the Mach number in the gas 
channels of the nozzle head on the relative positioning of 
the rods within the chamber and the length of the 
acoustic wave. Other figures represent other experi- 
mental findings. Figures 9; references: 9 Russian. 


Development and Testing of High-Pressure Cover 


947J0048C Novosibirsk PRIKLADNAYA MEKHANIKA I 
TEKHNICHESKAYA FIZIKA in Russian Vol 35 No 2, 
Mar-Apr 94 (manuscript received 12 Oct 92, after revision 
24 Apr 93) pp 163-168 


[Article by A. G. Fedorenko, A. G. Shimarov and M. A. 
Syrunin; UDC 620.178.7] 


[Abstract] The covers of high-pressure containers for the 
most part are exposed to quasistatic pressure. This study 
is limited to an estimate of the optimum configuration of 
a cover for a circular opening in the case of quasistatic 
loading at a uniform pressure. The equistrength prin- 
ciple is applied in which at each point of a deformable 
linearly elastic body the maximum equivalent stresses 
attain the yield stress. The computation scheme used for 
the cover was a thin shell of revolution with allowance 
only for the membrane components of stresses, 
neglecting edge effects. Taking the computations and 
structural-technical limitations into account, the variant 
adopted for practical fabrication was a solid cover in the 
form of a cone with a half-aperture 52°, undergoing 
transition without a bend along the outer contour into a 
segment of the same thickness. Such a configuration is 
preferable for the dynamic load on a cover in the case of 
a close detonation of an explosive. A spherical segment 
coupled to a cone along the outer generatrix without a 
change in thickness is 41% stronger than a cone. These 
and other similar results were checked for a steel cover 
with stipulated parameters using hydraulic tests. In one 
considered variant, for example, it was found that the 
bearing capacity was greater by a factor of 14.5 in 
comparison with an optimized cover of the same mass, 
material and diameter in the form of a circular pinched 
plate with a shaped thickness. The behavior of such a 
cover under different experimental loading conditions is 
discussed. Figures 5; references: 6 Russian. 
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OPTICS AND HIGH-ENERGY 
TECHNOLOGY 


Large-Aperture Bimoprh Adaptive Mirror: 
Computer-Aided Design 

947F0138A Tomsk OPTIKA ATMOSFERY 1 OKEANA 
in Russian Vol 7, No 1, Jan 94 (manuscript received 

19 Feb 93) pp 43-50 


{Article by A. V. Ikramov, I. M. Roshchupkin and A. G. 
Safronov, KOMPOZIT Scientific Production Association, 
Kaliningrad, Moskovskaya Oblast; UDC 535,87] 


[Abstract] A method is proposed for computer-aided 
design of a large-aperture bimorph adaptive mirror to be 
used as the main mirror of an astronomical telescope 
with compensation of large-scale low-frequency wave 
iront distortions. Calculations show that aberrations of 
the proposed mirror can be easily corrected. Design 
improvements include increasing the voltage of the con- 
trolling electrodes, and making the peizoelectric control- 
ling mosaic layer as a monolayer composition. Figures 5, 
table |, references 15. 


Analysis of the Precision of Navigation With 
Sighting of Stars Close to the Horizon 


947F0134A St. Petersburg PRIBOROSTROYENIYE 
in Russian Vol. 36 No. 5, May 93 (manuscript received 
21 Oct 92) pp. 50-54 


[Article by A.S. Buryy and S.N. Mikhaylov; UDC 
629.196:621.383] 


[Abstract] Among spacecraft navigation methods, celes- 
tial methods in which celestial reference objects such as 
stars and planets serve as primary information sources 
are enjoying active development. Conventional celestial 
navigation methods are based on geophysical fields and 
sound navigation. In 1985, White and Thruman 
described a method of autonomic satellite navigation 
that was based on observation of atmospheric refraction 
of starlight. This new method was subjected to a math- 
ematical analysis to determine the effect of the geometry 
of stars’ configuration on the precision of solving a 
navigation problem on board a spacecraft. A computer 
simulation was designed to estimate the precision of 
navigation of a spacecraft orbiting at 300, 500, 1,000, 
2,000, and 10,000 km. The analysis established that even 
at a spacecraft altitude of 10,000 km, the navigation 
error does not exceed 300 m with respect to the three 
coordinates considered. Precision was highest with 
respect to the coordinate z, 1.e., in the direction perpen- 
dicular to the plane of the spacecraft’s orbit. Modeling to 
estimate the precision of determining a spacecraft’s 
coordinates for different schemes of disintegration of 
stars’ abstract initial location established that stars’ 
relative location to one another along the earth’s horizon 
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does indeed have a significant eifect on the precision of 
determining a spacecratt’s location by the method of 
autonomous vavigation. This effect may be taken into 
consideration in navigation planning algorithms so as to 
meet requirements regarding the precision of estimating 
the individual components of the spacecratt’s state 
vector or the entire set of such components tn a specific 
leg of the spacecraft’s flight. Figures 3; references 6: 5 
Russian, | Western 


Study of Effect of Refraction Parallax on Accuracy 
of Measurements of Angular Coordinates of 
Artificial Earth Satellite 

947F0133C St. Petersburg OPTICHESKIY ZHURNAI 
in Russian (manuscript received 27 Oct 1993) No 3, 1994, 
pp. 76-79 


[Article by V.G. Vygon 
mathematical Sciences, A.I 
Physico-mathematical Sciences; UDC 629.783.086: 
§20.42] 


Candidate of Physico- 


[Abstract] The effect of atmospheric parallax on the accu- 
racy of measurement of angular coordinates of artificial 
Earth satellites was examined. Results of calculations used 
in the study of accuracy of restoration of an artificial Earth 
satellite according to azimuthal observations were pre- 
sented. In some cases, disregard of consideration of the 
effect of refraction parallax led to fundamental errors in the 
nature of the restored trajectories. An increase of distance to 
the satellite decreased refraction parallax. Decrease of angle 
of the position of the satellite increased refraction parallax 
Comparison of data obtained with results of real observa- 
tions of artificial Farth satellites was presented. Figure |, 
references 8 Russian 


Assessment of Possibility of Observation of 
Artificial Earth Satellite by Passive Optical 
Means in I wilight and Daylight Conditions 
947F0133B St. Petersburg OPTICHESKIY ZHURNAIL 
in Russian (manuscript received 27 Oct 93) No. 3 1994 
pp. 70-76 


[Article by S.F. Bondon’, V.G. Vygon, Candidate of 
Physico-cnemical Sciences, A.V. Malanin, et al.,; UDC 
629.783.086:520.8] 


[Abstract] This study discusses the problem of daylight 
observations of artificial Earth satellites in the optical 
range of 0.25... 12 mkm wavelengths, in connection with 
photoreceiving and recording apparatus usually used 


Deryugina, Candidate of 
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(visible range 0.4 0.8 mkm). Most assessments pre- 
sented in the article respresent a first approximation of 
the limits of applicability of the method described in the 
article and the results expected. References 3; 2 Russian, 
| Western 


Use of Non-equidistant Photodetector Matrices in 
Wide-angle Optical Systems of Location 
947F0132D St. Petersburg OPTICHESKIY ZHURNAL 
in Russtan (manuscript received 27 Oct 1993) No 3 1994 
pp. 36-39 


[Article by Yu.P. Shumilov, Candidate of Technical 
Sciences, P.A. Bakut. Doctor of Technical Sciences, N.V. 
Shcheglov; UDC 621.383.4732] 


[Abstract] Comparison of the use of matrices with 
receivers of equal size and non-equidistant matrices 
examined, as an example, two matrices with 25 ele- 
ments, one with non-equidistant matrices and one with 
equidistant matrices. Use of the two matrices in location 
systems was examined. Analytical dependencies of the 
time of achieving fixed characteristics of location at one 
and the same angle of scanning were isolated and ana- 
lyzed for each type of matrix. A comparative analysis, 
showing the gain in the time of achievement of pre- 
scribed characteristics of location during use of this or 
that type of matrices was given. The study showed the 
benefits obtained from the use of non-equidistant 
matrices in information systems for scanning at large 
angles of search. Figures 6; references 2 Russian. 


Dynamic Phasing in of Elements of Main Mirror 
of Large Compound Telescopes Based on the 
Niethod of Aperture Scanning 

94°/01334 St. Petershure OPTICHESKIY ZHURNAL 
in Russian (manuscript received 27 Oct 1993) No 3, 1994 
pp ss 44 


[Article b y ALL. Volpov, Candidate of Technical Sei- 
ences, Yu.A. Zimin, Candidate of Technical Sciences, 
V.V Sychev, Candidate of Technical Sciences; UDC 
$20.2.062.7] 


[Abstract] Analysis of possible methods of solving the 
problem of phasing in elements of a compound main 
mirror for large-size telescopes showed that this problem 
could be solved by the method of aperture probing. 
Expressions were obtained for functions of sharpness of 
definition of an image in a regime of an adaptive 
equation by the phases of individual dynamic phasing in 
of elements of the main mirror with spatial separation of 
channels of formation of misalignment signals. Figures 
5, references 10; 8 Russian, 2 Western 
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Algorithm of Compensation of Vibration Platform 
of Information Optical System 

947F0132A St. Petersburg OPTICHESKIY ZHURNAI 

in Russian (manuscript received 27 Oct 93) No 3, 1994 

pp 16-21 


[Article by P. A. Bakut, Doctor of Technical Sciences, I. 
B. Grishina and Yu. P. Shumilov, Candidate of Tech- 
nical Sciences; UDC §3.083.5:681.7 


[Abstract] An algorithm of compensation of a vibration 
platform of an optical information system was synthe- 
sized, presented and analyzed. The necessity of introduc- 
tion of the algorithm into a complex algorithm of data 
processing was demonstrated, especially during preci- 
sion measurement. Figures 4; references | Western. 


Reliability of Identification of Objects Observed 
Through Turbulent Atmosphere 

947F0132B St. Petersburg OPTICHESKIY ZHURNAL 
in Russian (manuscript received 27 Oct 93) No 3, 1994 
pp 21-26 


[Article by V. Ye. Kirakosyantz, Candidate of Technical 
Sciences and V. A. Loginov, Candidate of Technical 
Sciences; UDC 621.391.883.2:551.501.816] 


[Abstract] A turbulent atmosphere worsens the angular 
resolving power of a radar set and therefore worsens the 
qualitative registration of images. Schottky noises of 
registration of an optical signal in the radar set receiever 
also worsens the image quality. This article examines the 
dependence of the effectiveness of identification on 
these two factors. The examination showed that poten- 
tial characteristics of the correlation algorithm of iden- 
tification during reception of a‘‘strong’”’ signal are 
determined by the number of resolved elements in the 
image of objects. The effectiveness of the algorithm 
under real conditions depended essentially on the level 
of the signal received and its fluctuation, caused by 
diffusion in the turbulent atmosphere. References 7 
Russian. 


Use of Constricted Arc Discharge for Generation 
of Powerful Electron Beams 

947J0049A Tomsk IZVESTIYA VYSSHIKH 
UCHEBNYKH ZAVEDENTY: FIZIKA in Russian 
Vol 37 No 3, Mar 94 pp 76-82 


[Article by V. N. Devyatkov, N. N. Koval and P. M. 
Shchanin, Highly Precise Electronics Institute, Siberian 
Department, Russian Academy of Sciences; UDC 
621.3.032] 


[Abstract] Two types of constricted arc discharges were 
used for generating strong electron beams in a wide range 
of pressures (1- 10.,) Pa. The principle applied for 
broadening the range of working pressures is the intro- 
duction of a constriction channel separating the cathode 
and anode parts of the discharge. Due to a pressure drop 
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during gas admission into the cathode region it is pos 
sible to reduce the discharge ignition voltage and red 
the influence of a pressure change in the working 
chamber on the pressure change in the 
the discharge. When using an arc discharge with a ho! 
cathode and a hollow anode an electron beam with a 
current up to 300 A and a pulse duration 25 jis was 
obtained in the accelerating interval (10-10 ') Pa and 
the accelerating pressure was up to 15 kV. At pressures 
(107. 10°° Pa an emitting pulse was gen 
low-pressure arc discharge using a Penning cell. In ordes 
to increase the useful life of the cathode and improve the 
distribution of beam current density use wa ade of 
three discharge systems operating 1n paralle! 

beam with a diameter 200 mm with a current up to 125 
A with a pulse duration 50 us was obtained. Figures ¢ 
references: 3 Russian 


cathode part of 
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An electron 


Generation of Low-Energy Highly Precise 
Electron Beams in Gun With Plasma Anode 
Y4A7JOOAODBR Tomsk IZVESTIYA LY SSIUAH 
UCHEBNYKH ZAVEDENTIY. FIZIKA in Russia 
Vol 37 No 3. Mar ¥4 pp 100-1]4 


[Article by D. S. Nazaroy 
Proskurovskiy, Highly 
Siberian Department 
UDC 621.386.6] 


(O)vur and ID I 
Precise Electronics Institute 
Russian Academy of Sciences 


Cy Ye 


[Abstract] The results of studies of the principal physical 
processes determining the possibility of generating mag 
netized low- energy highly precise electron beams (LEH 
PEB) in plasma-filled systems are given. The « 
for effective generation of an explosive electron emission 
across a large-area cathode at low accelerating 
regularities of beam generation in a nonstationary 
double layer forming plasmas between the cathode and 
anode, as well as the characteristics of transport of the 
formed beam to the collector in inhomogeneous rarefied 
plasma are described. It 1s shown that guns with a plasma 
anode make it possible to generate wide-aperture elec- 
tron beams of a microsecond duration with a mean 
electron energy 10-20 keV, an energy density up to 20 
J/cm? or more and a homogeneity adequate for techno 
logical applications. Among the technical specifications 
of the described LEHPEB sources are 


onditions 


oltage S 


the tollow Ing 


maximum pulse energy of electrons-——!2-40 keV. mean 
pulse energy of electrons—6-20 keV, beam duration 

0.15-5.0 ps; current density in beam—10°-10° A/em*: 
beam cross-sectional area—5-50 cm*; nonuniformity of 
beam energy density in section—5-15%, efficiency of 
conversion of energy stored in accumulator into beam 
energy—about 30%. The high beam energy density, great 


range of adjustment of its parameters and short pulse 
duration make it possible to achieve different thermal 
modes on the target surface: from initial fusion to 
evaporation of refractory metals. The described sources 
have no equals with respect to such a combination of 
parameters. An important advantage is their radiation 
safety. Their applicability is in modifying the properties 
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of surface layers of metal and semiconductor materials 
by the pulsed heating method. Figures 15; references 26: 
19 Russian, 7 Western. 


Intracavity Photoacoustic Gas Analysis of 
Atmospheric Pollution Using 'C'°O, Laser 


94 7J0050A Minsk ZHURNAL PRIKLADNOY 
SPEKTROSKOPII in Russian Vol 60 No 1-2, Jan 94 
(manuscript received 15 Apr 93) np 73-80 


[Article by A. S. Solodukhin, V. S. Starovoytov, S. A, 
Trushin, V. V. Churakov, I. A. Muravin and A. F. 
Novozhilov, Physics Institute imeni B. I. Stepanov, 
Belarus Academy of Sciences, Minsk; UDC 621.375.88] 


[Abstract] A highly sensitive photoacoustic gas analyzer 
for measuring air pollution (based on a CW tunable 
'SC'°O, laser) with a limiting absorption detection capa- 
bility 3 x 10° cm' with a time resolution 30 ¢ is 
described. The distinguishing features of the gas analyzer 
are: use of the resonance spectrophone method, intrac- 
avity positioning of the photoacoustic chamber and 
on-line detection of the photoacoustic signal. A block 
diagram is given which 1s used in describing the structure 
and functioning of the instrument. The gas analyzer was 
used for measuring the absorption of the hybrid gases 
arsine, phosphine and ammonia in individual band lines 
of the '*C'°O, molecule. The content of NH,, PN, and 
AsH, in the air flow is determined in different dilution 
modes and it is shown that the minimum detectable 
concentration is about 0.3, 3 and 4 ppbV for ammonia, 
arsine and phosphine respectively. The detection 
threshold level attained for arsine and phosphine 1s 
almost an order of magnitude greater than for standard- 
produced instruments used in monitoring air in work 
rooms in the microelectronics industry. A large number 
of other toxic gases widely used in the microelectronics 
industry can be detected using the described instrument. 
Figures 2; references 18: 4 Russian, 14 Western. 


Use of First Derivatives of Plant Cover Reflection 
Curve in Region 0.69-0.74 m for Estimating Leaf 
Area Index 


947J0050B Minsk ZHURNAL PRIKLADNOY 
SPEKTROSKOPII in Russian Vol 60 No 1-2, Jan 94 
(manuscript received 5 Apr 93) pp 158-163 


[Article by A. Yu. Zhumar and Ye. A. Yanovskaya, 
Physics Institute imeni B. I. Stepanov, Belarus Academy 
of Sciences, Minsk; UDC 543.42] 


[Abstract] A new approach is proposed for the use of 
spectral data for estimating the leaf area index (LAI) 
which is based on the interrelationship between the first 
derivative of plant cover reflection and the leaf area 
index. The influence of such parameters as the spectral 
properties of the soil, the leaf chlorophyll content and 
observation angle is examined by mathematical mod- 
eling of the radiation field reflected by the cover. The 
plant cover spectral brightness coefficients (SBC) were 
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computed for 10 LAI values for five observation angles 
and a solar altitude 45°. The model used took into 
account 15 reflection spectra of soils in Belarus with 
moisture contents in the range 8-42% and humus con- 
tents in the range |.1-4%. A table gives the variations of 
the spectral parameters caused by change in the spectral 
properties of the soil, leaves, observation angle and LAI. 
It is shown that the values of the derivatives of the SBC 
at a wavelength in the range 0.71-0.74 jum can be used tn 
estimating the LAI. The farther the derivative for esti- 
mating the LAI is taken in the long-wave region, the 
lesser 1s the influence exerted on its value by variations 
in the spectral properties of the soil and leaves and by 
observation conditions. For LAI 1.0 the greatest 
contribution to the error in determining the LAI is 
introduced by the variation in the spectral properties of 
the soil; for LAI > 1.0 the greatest influence is exerted by 
the change in the chlorophyll! content in the leaves. The 
influence of observation conditions on the derivatives 1s 
almost identical in the entire range of LAI changes. 
Figures 2; references 11: 7 Russian, 4 Western. 


NUCLEAR AND NON-NUCLEAR 
ENERGY 


Physical Models of Severe Accidents at Nuclear 
Power Plants 


947F0141A Moscow FIZICHESKIYE MODELI 
LYAZHELYKH AVARIY NA AES in Russian 1792 
(Signed to press 9 Nov 92) pp 1-18, 219-232 


[Annotation, introduction, bibliography and table of 
contents from book: “‘Physical Models of Severe Acci- 
dents at Nuclear Power Plants” by Rafael Varnazovich 
Arutyunyan, Leonid Aleksandrovich Bolshov, Aleksandr 
Dmitriyevich Vasilyev and Valeriy Fedorovich Strizhov, 
Russian Academy of Sciences, Institute of Problems of 
Safe Development of Nuclear Power Engineering, UDC 
621.039.58] [Text] 


Annotation 


This monograph presents original results of numerical 
and theoretical investigations of processes occurring in 
the course of severe accidents at nuclear power plants. 
Melting of the reactor core, interaction of core melt with 
structural materials, and thermophysical and physico- 
chemical processes in a nuclear power plant’s contain- 
ment are examined. Original program packages mod- 
eling the course of severe accidents are described. The 
results of their comparison with similar foreign program 
complexes and the experimental data are given. The 
principles of containing and limiting the consequences of 
severe accidents are analyzed on the basis of the results 
of theoretical and numerical modeling. 


This monograph is intended for scientific associates and 
engineers working in the field of nuclear power safety 
and graduate students of the corresponding specialties. 
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Introduction 


The present status of nuclear power engineering in the 
world. Nuclear power engineering traces its origins to a 
number of fields in mid-20th century physics. Mankind 
received a unique source of energy produced out of a raw 
material not used for any other purposes, in contrast to all 
of the organic forms of fuels, which are also valuable 
products in chemical sectors. Steady, successive develop- 
ment of nuclear power engineering was observed in prac- 
tically all developed countries up until the late 1970s; the 
rate of its growth began to decline in the second half of the 
1980s. Objective statistics characterizing development of 
nuclear power engineering in the world are presented in 
the graphs and diagrams in figures 1-8. 


It is evident from this data that the rate of actual growth 
of nuclear power engineering turned out to be signifi- 
cantly below earlier predictions. Correspondingly, the 
forecasts for development of nuclear power engineering 
are also being adjusted, and differences in forecasted 
values are decreasing over time. The forecasts are 
becoming more realistic, and they take account of the 
present “transitional” stage in development (in the 
status) of nuclear power engineering. According to a 
1989 prediction by the IAEA, in 1989-2005 the sus- 
tained output of the world’s nuclear power plants will 
increase annually by an average of 2.2 percent, the 
predicted average annual growth of electric power pro- 
duction will be around 2.8 percent, and the proportion of 
nuclear power in world electric power production will 
remain at 16 percent. 


Note that prior to 1995, development of nuclear power 
engineering is sufficiently predictable, because it is deter- 
mined by decisions to build nuclear power plants that have 
already been adopted. Thus, specialists of the Interna- 
tional Uranium Institute feel that 40-50 new blocks will be 
built in the West in the first half of the 1990s. It is more 
difficult to predict the subsequent development of this 
sector. It will be determined in many ways by the economic 
competitiveness of nuclear power and its safety, which will 
depend significantly in turn upon the resources that will be 
invested into scientific developments in nuclear power. 


Presence of a number of contradictory trends in the 
society's perception of nuclear power, which is reflected in 
the policies of different countries, is a unique feature of the 
present stage. On one hand even a superficial inspection of 
the data presented in the figures would show that nuclear 
power has become a significant factor in electric power 
engineering in all developed countries. In 1989 its share in 
electric power production in France was 75 percent. Japan 
is developing nuclear power at a fast pace, and it plans to 
raise its share in the country’s electric power engineering to 
42 percent by 1995, while beginning in 1980 the USA, 
which possesses the largest share of the total number of 
nuclear power plant blocks in the world, and in the volume 
of produced electric power (26 and 31 percent respectively 
in 1989), kept the share of nuclear power plants in electric 
power engineering at a level of 18-20 percent. 
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In accordance with the results of a 1989 referendum, by 
2010 Sweden plans to have its nuclear power plants 
withdrawn fully from operation as they serve out ther 
useful life, despite the fact that nuclear power plants 
provide 45 percent of the country’s electric power. As a 
result of a referendum in Switzerland in 1990, in w Sich 
the population was asked to vote for one of three 
variants—total rejection of the development of nuclear 
power and shutdown of al! nuclear power plants, a 
10-year moratorium on building new nuclear power 
plants, or retention of currently adopted plans for devel- 
opment of nuclear power, the second variant was 
selected. Indicators of public opinion regarding the 
acceptability of nuclear power differ in different coun- 
tries: from its perception as something positive in coun- 
tries such as France and Japan, to a sharply negative 
attitude toward it on the part of the majority of our 
country’s population. 
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Figure 1. Total Electric Power Production at Nuclear 
Power Plants, and Its Share (Percent) [1,2] 
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Figure 2. Growth Dynamics of Electric Power Production 
at Nuclear Power Plants of Western Countries 
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Figure 3. Forecast of Sustained Output by World 
Nuclear Power Engineering [1,2]: 1—1980, 2—1982, 
3—1984, 4—1987, 5—1989 
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Figure 6. Electric Power Production at Nuclear Power 
Plants of a Number of Western Countries [4]: 
1—England; 2—France; 3—USA; 4—FRG; 5—Japan 


Key: |—T, billion kWr, 2—year 
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Figure 5. Plan for Commissioning Nuclear Power 


Production C apacities in the World’s Countries (number 


of blocks and total output (GW)) [3]: 1—number of 
blocks; 2—output 
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Figure 7. Share (Percent) of Nuclear Power Plants in 
Nuclear Power Production in a Number of the World’s 
Countries in 1989 [1,5]: 1—France; 2—Belgium; 
3—South Korea; 4—Sweden; 5—Switzerland; 6—FRG; 
7—Japan; 8—Great Britain; 9—USA; 10—USSR 
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Figure 8. Dynamics of Sustained Output of the USSR’s 
Nuclear Power Plants [5-8]: |—VVER (water-cuoled 
electric reactor), 2—RBMK (high-power boiling-water 
reactor), 3—total 
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Figure 9. Dynamics of Electric Power Production at the 
USSR’s Nuclear Power Plants [5-9]: 1—VVER, 
2—RBMK, 3—total 


Key: |—T, billion kW4; 2—year 











Two accidents became the turning point in development 
of nuclear power-——the nuclear power plant in Pennsyl- 
vania and the disaster at the Chernobyl Nuclear Power 
Plant. A negative reaction to the use of nuclear power 
arose in the public opinion of many countries. However, 
nuclear power continues to develop steadily, or at least 
maintain its attained level of development, in practically 
all developed countries. 


In our country, the Chernobyl accident led not only to a 
change in public opinion but also to real actions against 
nuclear power. The rate of its development dropped. 
Thus, the average annual growth rate of total sustained 
output of nuclear power plants dropped from 24.9 per- 
cent in 1981-1985 to 8.3 percent in 1986-1989. Con- 
struction of a number of nuclear power plants was 
suspended (the Crimean Nuclear Power Plant, the Tatar 
AST [not further identified], and start-up of the Rostov 
and Bashkir nuclear power plants and the Gorkiy AST, 
which were practically finished, was stopped. Research 
on a number of sites at which construction of nuclear 
power plants was planned was terminated (for example 
the Kola, Pechora and other nuclear power plants). 


Another circumstance characterizing objective trends in 
development of nuclear power engineering is the con- 
stantly high expenses borne by all developed countries in 
relation to long-term research in nuclear power engi- 
neering. Moreover these trends also persist in countries 
that experienced a significant decrease in the rate at which 
new nuclear power plants are commissioned, such as the in 
USA for example. Thus, in 1988 more than $100 million 
were allocated just to scientific research and design devel- 
opment aimed at improving reactors of the U.S. Depart- 
ment of Energy, $70 million were allocated to solve the 
problems of protecting the environment and deal with 
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public health issues, and around $100 million was the 
annual allocation to research on severe accidents [10] 


In order to determine the competitiveness of nuclear 
power in the electric power market, research 1s being 
conducted on the total costs of producing electric power 
at nuclear power plants. The average corrected outlays 
are considered in this case. The latter are usually com- 
pared with the outlays on coal-burning thermal electric 
power plants, because according to research conducted 
in the USA, this sector of power engineering will remain 
most competitive in the electric power market in the 
relatively remote future as well. This is why any evalua- 
tion of the relative economic advantage of nuclear power 
and the suitability of its development presently depends 
in many ways on presence of inexpensive and accessible 
sources of fossil fuels (primarily coal) for the production 
of electric power, and on the ecological cleanliness of 
thermal electric power plants, as well as on the effective- 
ness with which nuclear power plants operate (in the 
broadest sense). 


Thus, the costs of producing electric power at nuclear 
power plants in Japan are around 90 percent of the costs 
of production at thermal electric power plants [11]. In 
France, the projected costs of producing power at plants 
that will be placed into operation in 1992 1s estimated at 
22.7 centimes per kilowatt-hour (for nuclear power 
plants) and 32.9 centimes per kilowatt-hour (for thermal 
electric power plants), even considering the relatively 
high discount rate on investment capital [12,1 3). 


At the same time beginning in 1984 the average costs of 
production at nuclear power plants in the USA exceeded 
the costs of thermal electric power plants, and opera- 
tional outlays at nuclear power plants increased dramat- 
ically, particularly due to operation of blocks 
characterized by low coefficients of use of sustained 
output [14,15]. 


It should be emphasized that regularly conducted evalua- 
tions of the future cost of producing electric power at 
nuclear power plants demonstrate that nuclear power will 
be sufficiently competitive in the future. It will at least be 
no less competitive than coal-burning thermal electric 
power plants. Thus, estimates of the predicted averaged 
corrected outlays on nuclear power plants to be started up 
in the second half of the 1990s in countnes of the 
Organization of Economic Cooperation and De elopment 
show that nuclear power plants have an economic advan- 
tage over thermal electric power plants in Japan and in 
most Western European countries (Table |). (The com- 
parison was made between nuclear power plant: equipped 
with an LWR reactor having an electrical output of 1,000 
MW and a corresponding coal-burning thermal electric 
power plant. The assumptions were: service life of a 
nuclear plant—300 years; average use coeificient of 
output during the entire time of operation—73 percent; 
discount rate on investment capital—S percent). 
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fable 1. Corrected Outlays on Production of Electric Power, 10°° U.S. dollars (1987 prices) per kilowatt-hour [16-18] 

















Country Nuclear Power Plant Thermal Electric Power Plant Ratio of Thermal to Nuclear 
Power Plants 
t . —~ ——— 
Belgium 29.1 $2.2 1.79 
t —- a eeeneeaenesis camara ee! ae 
Canada (central) | 19.6 26.0 | 1.33 
t ————4 — —_ — — - _ 
Finland 27.5 33.0 1.20 
t — — — — 
France | 27.4 39.6 1.45 
+ _ -_———— _ — ——>— — ——— _ = — 
FRG | 39.9 56.74 1.42 
+ _— — —_ —. ——— —_- a —— — = —E —— _ = 
43.95 1.10 
} —_ cates sahlonnietemetnanciniesiscaotempumsinunctqaianinissiatrescniasnseranaitiaenc 
Italy 40.4 43.1/57.7% 1.07/1.43 
: | ra aier-oen-aiepcteneaymonpenanmdliaspnseecmnamamsmnsitene: detstsnmusinnmsanamtan _ 
Japan 43.3 55.7 1.28 
| Fr ce-amauenonimroectunmestl tensneuatessteapennietiisacseseesaesceeeutetusee + 
Netherlands 34.6 32.8 0.9§ 
+ —_ —_ — ———E _ = = - = 
Spain4 42.6 4}.3 0.97 
+ — -_ SS _ - a t - 
Turkey 32.2 338 1.05 
. +-— -—— _ ee pe ee a —_——— + —---~ 
Great Britain’ | 35.8 38.1 | 1.06 
+ -— —_ ns od woos ee ~ 
usa4 | | 
+ ee ; } 
Northwestern | 38.7 35.4 0.9! 
ee ln aeiomoasians 
Western | 38.4 31.1 0.81 
Eastern 38.7 41.5 1.07 
Note: a—local coal, b--imported coal, c—minimum and maximum coal prices, d—data for imported coal, e—capital investments include the costs 


of removing the plant from operation, and fuel includes outlays o1. coal storage, f—operating outlays include removal from operation 





Investigation of the corrected outlays on production of 
electric power in 2000-2030 carried out by the USA 
produced similar results (18 alternative electric power 
production technologies were examined) [19]. Nuclear 
power plants (especially with the 1,200 MW improved 
LWR reactor) and the coal-burning thermal electric 
power plant were found to be economically the most 
acceptable (plants using wind energy and geothermal 
plants, which are limited in terms of where they can be 
located, were not taken into account). The corrected 
outlays on electric power production at a nuclear power 
plant and a thermal electric power plant will vary from 
$34.77 to $57.450* U.S. (1990 prices) per kilowatt- 
hour, and from $40.85 to $65.70°* U.S. (1990 prices) 
per kilowatt-hour respectively. 


Attempts were also made in the USSR to estimate the 
average corrected outlays on electric power production 
at a nuclear power plant. In 1988 they were approxi- 
mately 1.57 kopecks per kilowatt-hour (nuclear power 
plants with VVER and RBMK reactors) at an average 
cost of 1.04 kopecks per kilowatt-hour. In this case 
considering growth of unit capital investments into 
nuclear power plants in the period to the year 2000, the 
outlays on handling radioactive wastes and spent nuclear 
fuel away from the nuclear power plant site, shut-down 
of nuclear power plants, and outlays associated with the 
ecological factor and accident insurance, the total cor- 
rected outlays will increase to | 8-2.4 kopecks per kilo- 
watt-hour in 1990 prices [8]. 


The cost of electric power generated by a thermal electric 
power plant in 1990 was estimated at around | kopeck 


per kilowatt-hour. But this estimate did not account for 
all of the real outlays, similar to those listed above. An 
estimate of the real costs of producing electric power at a 
thermal electric power plant made in 1989 revealed an 
increase in the corrected calculated outlays by more than 
2.5-3 times [8,20]. 


Note that the absence of substantiated comparable prices 
of energy resources and the real costs of energy sources 
makes it impossible to carry out a proper comparative 
analysis of how economical different energy technologies 
in our country are. 


Problems of nuclear power plant safety. It is rather 
difficult to analyze the causes of particular trends in the 
development of nuclear power in different countries. 
Quantitative indicators of atomic power are affected by 
the country’s overall level of technical and economic 
development, by the availability of other energy 
resources to the country, by the economic characteristics 
of nuclear power plants in comparison with other 
sources, by public opinion and its influence on decisions 
made by the government, and so on. 


As we see it, among the listed objective and subjective 
factors, there are two scientific-technical factors that 
will have the most significant impact on long-range 
prospects for development of nuclear power. They are 
the resistance of nuclear power plants to severe acci- 
dents involving large releases of radioactivity, and 
burial of long-lived radioactive isotopes. 


The advantages of nuclear power associated with pre- 
serving the level of fossil fuel resources through the use 
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of uranium ore, which has practically no other applica- 
tions, ecological cleanliness in normal operating condi- 
tions, the prospects of utilizing enormous ?**U reserves 
upon transition to breeder reactor technology, and so on 
may be cancelled out if a level of safety guaranteeing a 
socially acceptable level of damages in the event of any 
practically imaginable accident situations is not ensured. 


These problems are crucial to development of nuclear 
power, inasmuch as they represent a concentration of 


the most negative aspects of the existing technology of 


generating eleciric power with nuclear reactors. Given 
all of the differences in technical level of atomic power 
in different countries, and given the extremely high 
ecological requirements and the systems for moni- 
toring their observance in developed capitalist coun- 
tries (FRG, USA, France, Sweden etc.), nuclear power 
has demonstrated indubitable ecological advantages. 
However, the experience of the Chernobyl accident 
significantly shifted the accents in perception of 
nuclear power and of the safety of the population and 
the environment, and demonstrated the total unac- 
ceptability of nuclear power plant accidents with con- 
sequences on the scale of Chernobyl. 


When we analyze accidents scenarios today, we com- 
monly employ nuclear power plant safety probability 
analysis (SPA), which consists of five levels in the 
commonly used international classification [21]: 


SPA-1—analysis of the reliability of particular compo- 
nents and units of a nuclear power plant, construction of 
event trees, and calculation of the probabilities of acci- 
dents initiated by different consequences of external 
events and equipment failures, with regard for the work 
of technical safety systems and actions of the personnel, 


SPA-2—modeling of the dynamics and quantitative cal- 
culation of the main factors determining develupment of 
an accident situation, including estimation of the load 
upon containment and the reaction of structures; 


SPA-3—modeling of radioactive element transport from 
the fuel into the first loop, into the containment and into 
the environment, with regard tor the processes of natural 
settling of radioactive substances, and with use of tech- 
nical safet: resources; 
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SPA-4—study of transport of radioactivity in the atm 
sphere with regard for meteorological data, and analysis 
of external and internal radiation doses on the basis of 
predicted distributions of radioactivity and models of 
migration of fission products in soil and water: 
SPA-5—integral assessment of the degree of risk of 
nuclear power plants, expressed as the .um of the risks of 
all postulated initiating events, with regard for then 
consequences—ones such as the collective radiation dose 
experienced by the population in the near and tar zones 
the number of deaths and illnesses due to cancer. eco- 
nomic damages, and so on 


In this monograph the authors examine the problem of 
the second level of safety probability analysis, without 
dwelling on an analysis of the probability of occurrence 
of the accident scenarios they examine 


It should be noted that the problems of severe accidents 
at facilities containing nuclear reactors have been 
studied for over three decades, and that the scale of 
disasters resulting from accidents in nuclear power pro 
duction facilities that 1s possible in principle was under- 
stood back during the time of the first investigations of 
the 1960s. It should be remembered, however, that 
cognizance of the scale of maximum imaginable dam 

ages from using various technologies does not by ttself 
provide the basis for making decisions. Thus, assess 
ments of the maximum damages from atmospheri 
releases of toxic substances formed in the intermediate 
and final stages of different chemical or nuclear produc 

tion operations prove the consequences to be unrealist: 

cally high, resulting in the deaths of hundreds ot 
thousands of people, and 1n such a case they are una 

ceptable to the society. 


Another more important goal of modeling severe acc: 
dents is to reveal the most dangerous types of accidents 
the most critical elements in the structure of equipment 
in control and safety systems, and to develop require 
merits on these systems on the basis of an understanding 
of the laws under which severe accidents proceed. The 
principal consequences having maximum probability 
were analyzed. Despite the fact that the probability of 
such consequences 1s rather small, the damages from 
them may be very great. Table 2 shows the most dan- 
gerous consequences of events, obtained by analyzing 
accident situations involving pressurized reactors 
(PWR) used in the USA [22]. 
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Table 2. Contribution of Different Accident Processes to Total Probability in the Case of a Pressurized Reactor 
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transitional processes. 











All consequences of events were broken down into nine 
groups depending on the anticipated radionuclide 
release. The last two groups involve accidents without 
core melt-down. The probabilities of particular 
sequences of events were also evaluated. Accidents 
evoked by the following consequences are the most 
probable (with probability exceeding 10°): AD-e, AN- 
6, 8, D-s, S,H-s, $,D-e, S,H-e, 8,C-8, TML-e, TKQ-e, 
TMLB’-6. Table 2 presents a list of the events making the 
main contribution to total accident probability. 


The total probabilities of containment failure are 
presented below: 





Event 


a B Y ) e 
Probability 


. 
4077 5078 7077 70°? 30°> 




















(a—rupture of the shell owing to vapor explosions in the 
reactor; }—failure of containment owing to inadequate 
air-tightness or seal failure; y—destruction of contain- 
ment owing to combustion of hydrogen; 5—destruction 
of containment owing to growth of pressure above the 
rated value; e—melt-through of the containment floor). 


The main causes of containment seal failure are associ- 
ated with melt-through of the foundation slab or with 
destruction of containment as a result of internal explo- 
sive processes (vapor explosion, combustion and/or det- 
onation of hydrogen). These data do not pertain to some 
particular station. The r ain things making nuclear 
power plants different froin each other are the use of 
different types of containment and the design of safety 
systems and life support systems of nuclear power plants. 
Therefore probability analysis is unique to each nuclear 
power plant, and it must be carried out in relation to 
each one separately. The probabilities obtained here for 
different events and accident consequences are of 
interest from the standpoint of not so much their abso- 
lute values as the possibility of relative analysis of the 


safety of different nuclear power plants, or of the same 
nuclear power plant with the passage of time, as certain 
units and systems are installed, modernized and 
replaced. 


The results of research on severe accidents are used at 
the technical level to develop and design systems to 
prevent severe accidents, limit their scale or contain the 
consequences. 


Various directions of raising the safety of nuclear power 
plants are presently developing. One of them involves 
reducing the probability of severe accidents by raising 
the reliability of individual components and units of 
equipment, and control and safety systems. In this case 
the main emphasis is laid on reducing the probability of 
a severe accident to levels acceptable at the given stage. 


Different means are employed with this purpose to raise 
the reliability or reduce the probability of failure of 
individual equipment components, and back-up (redun- 
dancy) of different components, units, and safety and 
control systems is used to varying degrees. In particular, 
an approach involving the use of different physical 
principles of action, different channels of emergency 
protective systems, and so on, 1s developing. 


Another direction 1s associated with creating protective 
systems guaranteeing a limit on the damage to the 
environment, population and personnel (containment of 
the consequences of a severe accident within the bounds 
of the protection zone) to an acceptable level in relation 
to different scenarios of the most probable severe acci- 
dents. For example, possibilities may include locating 
facilities underground, creating systems to contain core 
melt within the containment structure, systems for 
relieving pressure beneath the containment structure, 
systems providing for full combustion of hydrogen, 
ultratight containment, and so on. 
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The third direction is that of developing new types of 


reactors based on internal safety principles and basically 
excluding destruction of the core and significant release 
of radioactive fission products. 


The certain conditionality in the division of these direc- 
tions should be noted. Thus, strictly speaking, there can 
be no guarantee of preventing release of fission products 
in catastrophic events such as an | 1-12 point earthquake 
or the impact of a large meteorite capable of destroying 
all exterior protective systems and the reactor housing 


Consequently the emphasis 1n all of the directions for 
raising safety 1s on reducing the probability of a severe 
accident characterized by a given limit of damages to a 
particular value. Thus, creation of a reactor with internal 


physical safety that would guarantee prevention of 


destruction of the core when all technical safety systems 
fail cannot guarantee against an accident initiated by the 
impact of a nuclear weapon, a large meteorite, or a 


severe earthquake; however, the probability itself of 


these events is significantly lower. Assuming that the 
associated technical problems could be solvea, a nuclear 
power plant that is located completely uncerground 
would reduce the damage caused by any severe accident 
to the population and the environment by several orders 
of magnitude, while simultaneously raising the threshold 
of external factors capable of disrupting the work of the 
nuclear power plant. 


Special attention is devoted in research on nuclear power 
safety to the problems of mathematica! modeling of 
physical processes occurring in severe acciclents, because 
the possibilities of analytical research are limited, and as 
a rule, experimental research ts carried out only on 
particular processes, and requires considerable outlays 
Experience in studying former severe accidents—the 
Three-Mile Island accident in the USA 1n 1978 and the 
Chernobyl Nuclear Power Plant accident—has great 
significance. These accidents are presently being studied 
thoroughly [21,23-26]. The main attention 1s once again 
devoted in this analysis to modeling, since only by 
modeling and by making comparisons with real data can 
we reach any conclusions on the causes of accident 
situations, and on the paths of their development and 
prevention. 


The accumulated experimental and theoretical informa- 
tion is being used as a rule in the form of various codes 
modeling severe accidents at nuclear power plants. All 
models may be conditionally divided into two large 
groups—research programs used to model individual 
processes or groups of processes in severe accidents, and 


integral packages used to describe the entire sequence of 


events and processes. The latter are the result of signifi- 
cant efforts by large groups of researchers, and they 
integrate contemporary ideas about the way severe acc!- 
dents proceed. Some programs of the first group will be 
examined in this monograph. Of the integrated packages 
widely used today, we can note several complexes—the 
STCP [27], which is the first attempt at developing codes 
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of this kind, the MAAP [27], and the MELCOR [28] and 
ESCADRE [29] program packages recently developed 
for improved evaluation. The report [30], the first edi- 
tion of which was published back in 1975 and contained 
the basic ideas regarding approaches to analyzing 
nuclear power plant safety in severe accidents, became 
the starting point for development of these programs 


When we carry out theoretical analysis of the dynamics 
of accident processes, we find ourselves faced by the 
problem of describing a broad assortment of complex, 
interdependent physicochemical processes associated 
with the behavior of systems consisting of many phases 
and containing a large assortment of chemicals and their 
aggregate states, and characterized by a wide range of 
variation of the conditions of their interaction. In this 
case even the task o! preparing the initial thermophysi- 
cal, physicochemical, nuclear and other necessary con- 
Stants often turns out to be beyond our capabilities due 
to the absence of the corresponding calculated or exper- 
imental data. The needed sets of physicochemic 
models of all elementary processes are also incomplete 
In this situation attempts at building models out of basic 
initial equations are found to be hopeless, even if the 
most up-to-date numerical methods and powerful 
computers are used. 


The list of difficulties channeled research on modeling 
severe accidents along the path of creating complex 
numerical codes reflecting, io a significant degree, 
empirical dependencies of an integral nature and based 
upon various experimental data. A number of difficulties 
are encountered in the use of such codes and in their 
verification. First, the results of verifying these codes in 
small-scale experiments modeling various stages of 
severe accidents leave open the question as tu ther 
adequacy to describing real accident processes. The large 
quantity of empirical data often used for fitting purposes 
reduces the forecasting dependability of these codes 
Second, the cumbersomeness of the codes makes it 
impossible to effectively carry out multivariant calcula 
tions when analyzing the sensitivity of output results to 
the uncertainties of internal and input parameters 


In this situation, an approach based on developing 
“simplified” models resting upon physically clear laws 
and containing a small number of empirical constants or 
dependencies, and not accounting for many details of the 
processes being described, is effective in a number of 
cases. 


When such models are chosen successfully, the basi 
processes and factors basically determining the qualita 
tive course of processes and their quantitative laws 
within reasonable accuracy can be described correctly. 
Construction of such models rests to a significant degree 
on physical analysis of all processes under consideration, 
and on isolation of the most important among them 


An attempt 1s made in this monograph to create a 
number of such models to describe interaction of the 
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core melt with structural materials and with heat- 
transfer agents and thermophysical processes beneath 
the containment structure in severe accidents at nuclear 
power plants equipped with a water-moderated reactor 
with a melted core. Factors determining the course of 
different accident processes are analyzed on the basis of 
the developed models. The sensitivity of parameters 
determining the safety of nuclear power plants to the 
uncertainty of constants and the input parameters of the 
models, and to the incompleteness of description of all 
accident stages, is analyzed. The results of modeling the 
dynamics of severe accidents using the developed 
models and foreign program packages developed in 
Western countries for analysis of the safety of nuclear 
power plants are compared. The results of comparing 
numerical calculations with data from experimental 
modeling of core meli-concrete interactions are pre- 
sented. The results are used to analyze the problems of 
building systems that would guarantee containment of 
core melt within the containment structure. 


The authors feel it their duty to express gratefulness to their 
colleagues who made a significant contribution to acquisi- 
tion of the results at the basis of this book: V. G. Asmolov, 
Ye. G. Aksenov, V. M. Goloviznin, M. Yu. Ivanov, Ye. V. 
Kanevskaya, V. D. Kanyukovaya, O. Yu. Karmanov, V. P. 
Kiselev, M. N. Kobrinskiy, D. I. Melikhov, VY. D. Ozrin, S. 
V. Onufriyev, V. A. Petukhov, A. G. Popkov, V. Ye. Fortov, 
V. V. Chudznov, Ye. N. Shestakov, G. N. Shikin. 
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[Text] The paper examines the present day concept of 
sodium-cooled fast power reactors. This concept is based 


oped for expanded breeding of nuclear fuel and enabling 
nuclear power to evolve without limitation by uranium 
resources. Several countries are now in the stage of 
demonstrating not only the engineering feasibility, but 
also the safety and reliability of discovering ways to 
improve the SCFR, and Russian experience is generally 
acknowledged. 


However, the goal of saving uranium resources and 
supporting expanded breeding is no longer of primary 
importance. The reason for the change in strategic pri- 
orities is tied up with the decline in the pace of develop- 
ment of nuclear power, decreased demand for uranium 
by the military industry, the availability of considerable 
quantities of plutonium and highly enriched uranium as 
a result of disarmament, and accumulation of plytonium 
after fuel is recycled in existing nuclear electric power 
plants. 


At the same time, experience in SCFR operation, 
research, development, and an examination of the poten- 
tial capabilities of these reactors has revealed the fol- 
lowing crucial properties that determine not only the 
long-term strategic goals, but also immediate goals of 
building SCFRs and incorporating them into the nuclear 
power system: 


e high nuclear safety, determined basically by the 
inherent physical properties of sodium-cooled fast 
reactors; 

* high radiation safety characterized y the lowest level 
of radioactive wastes and the lowest radiation impact 
on personnel and the environment; 

* high efficiency, implying less thermal pollution; 

* the engineering capability of most efficiently burning 
up long-lived alpha-radioactive actinides, which are 
ecologically the most hazardous radioactive wastes 
that have accumulated as a result of previous nuclear 
operations, and are now being accumulated by the 
evolving nuclear power industry; 

¢ SCFRs are the most efficient consumers of all pluto- 
nium, including the weapons grade plutonium that 
has been made available by disarmament. 


While consuming any plutonium, both weapons grade 
and energy grade, SCFRs may accumulate uranium-233 
from thorium-232 for use in thermal reactors, and in 
doing so acquire higher safety thanks to the physical 
properties of uranium-233. Incorporation of uranium- 
233 into nuclear power is also beneficial from the 
ecological standpoint, as this reduces the amount of 
long-lived high-level transuranium elements in spent 
fuel. 
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Fast reactors may become economically competitive 
with thermal reactors, which will give them the right to 
be built on a large scale in the nuclear power system. 
Often discussed are the problems of sodium coolant used 
in SCFRs that are associated with the danger of combus- 
tion in air, and reaction with water in steam generators 
when there are leaks. Clearly, sodium dictates the 
specifics of the design and technology of fast reactors. 
However, the disadvantages of sodium are many times 
outweighed by its positive features and reliable 
engineering solutions. 


Service experience with SCFRs, especially the BN-600 
reactor, which has been in operation in the power system 
since 1981, is of the greatest significance for assessment 
of the current status and outlook for development of fast 
reactors. This experience includes acquisition of real 
physical characteristics, testing of a variety of cores and 
fuels, investigation of the safety and reliability of reactor 
facilities, tests of individual kinds of equipment and 
systems, experience gained in sodium coolant tech- 
nology, determination of performance indicators, trials 
of spent fuel recycling, and more. 


The BN-600 and BN-300 reactors have proven to be very 
safe in service. Negative temperature and power coeffi- 
cients of reactivity make the reactors self-regulating. The 
distribution of heat release in the core is stable, and 
excess reactivity is low. Control of the reactor is simple. 
Heat removal by sodium is quite efficient, and the DNB 
margin in the core during reactor operation is at least 
300°C. Low pressure and absence of noticeable corrosion 
phenomena make coolant circuits completely leaktight. 


Despite certain expenses that are due mainly to the 
novelty of problems, a rather high level of reliability of 
SCFRs has been achieved. 


The gross capacity factor (GCF) for ten years of service 
of a BN-600 reactor unit (1981-1992) was 71 percent, 
and over a period of seven years (1983-1989) was 74 
percent. The reduction in GCF of the BN-600 is due 
mainly to adjustment of the steam-water system and 
turbogenerator set. In 1992, the GCF of the BN-600 was 
83.4 percent. Radiation impact of fast reactors on the 
environment has been minimal. 


The averaged release of radioactivity into the atmo- 
sphere (1980-1991) for a BN-600 nuclear electric power 
plant was 9.5 Ci/day, the permissible value being 500 
Ci/day according to current standards. After updating 
the core, the release of radioactivity was reduced on 
average to less than 1.3 Ci/day. Air emissions contain 
mainly inert radioactive gases: xenon, krypton and 
argon. These gases do not constitute a hazard for the 
population, as they have short half-lives (tens of hours), 
are readily diluted by atmospheric air, and do not form 
chemical compounds with other substances. Emissions 
contain almost no long-lived aerosols (Cs-137, Sr-90, 
Mn-54, Co-60, alpha-radioactive nuclides of plutonium 
and polonium) that are capable of entering the organism 
through food chains. Their output does not exceed | 
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percent of the permissible values. Also absent in emis- 
sions is 10dine-131, a nuclide that is a radiation hazard, 
readily taken up by the human thyroid gland. Sodium is 
highly effective in retention of this radionuclide. Sodium 
coolant retains almost all principal fission products, 
except for noble gases. 


There has been some exaggeration of the danger of 
sodium combustion when there are leaks, which is one of 
the chief arguments of those who are in favor of using 
alternative coolants. Prolonged service experience with 
sodium loops has shown that sodium leaks are rather 
easily blocked by available engineering approaches (con- 
tainment jackets, inert gas, fire extinguishers). The risk 
of major leaks is minimized by the design features of the 
SCFR. 


Considerable positive service experience has been accu- 
mulated on SCFRs in France (Rhapsodie, Phenix, 
Superphenix), in Great Britain (Dounreay, PFR), and in 
the United States (EBR-I], FF TF). This has confirmed 
the fundamental properties of the SCFR with regard to 
physical features and safety. During SCFR service, there 
have been no problems that are due in principle to 
reactor physics, technology, properties of the sodium 
coolant and materials that might significantly comphi- 
cate their further development. At the same time, expe- 
rience has shown ways to improve on physical and 
engineering features, equipment and various systems to 
enhance SCFR safety and economy. 


Some capabilities of SCFRs are considered below from 
different standpoints: 


¢ further improvement of the level of safety and pro- 
ducing a maximally safe reactor; 

* improving the ecology of nuclear power as a whole, 
and recycling high-level actinides; 

* recycling energy grade and weapons grade plutonium: 

¢ possibilities for achieving e« nomic effectiveness. 


Enhancement of Safety Level 
The basic requirements for SCFR safety are as follows: 


¢ the general level of safety of the SCFR shall be higher 
than that of present thermal reactors in accordance 
with the concept of a maximally safe SCFR; 

¢ the level of irradiation of plant personnel during 
normal operation shall be no greater than the target 
levels of designs of foreign nuclear electric power 
plants, including the EFR (collective dose 20-30 man- 
rems per year); 

¢ the radiological impact of the nuclear electric power 
plant on the environment, including handling of 
radioactive wastes, shall be within range of undis- 
turbed fluctuations of the natural radiation back- 
ground; 

¢ use shall be made of all reasonable practical features 
for preventing accidents and minimizing radiological 
consequences of accidents. 
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These requirements are ensured by the following basic 
approaches to engineering features: 


* taking as the basis of safety the properties of internal 
(physical) self-protection and maximum possible 
development of these properties; 

* organizing shielding that is several levels deep; 

* providing proof against human error, including by 
adequate self-protection of the reactor control system; 

* setting up reliable localizing barriers on the paths of 
possible propagation of radioactivity in case of 
damage and accidents, including with core meltdown. 


Fast reactors have all the necessary prerequisites for 
realizing these goals. Indeed, this is aided by the unique 
qualities inherent in SCFRs and engineering features: 


¢ stable negative feedback with respect to power and 
temperature as determined by negative power and 
temperature coefficients of reactivity and all their 
components; 

¢ the known problem of a positive sodium void coeffi- 
cient of reactivity can be eliminated, appropriate 
proposals have been developed, and there is an 
ongoing search for more effective measures; 

¢ capability of achieving an internal breeding ratio of 
fuel in the core near unity, which enables a reactor to 
be made with almost zero (less than B..) excess 
reactivity for fuel burnup, and accordingly with less 
danger due to postulated spontaneous motion of 
reactivity compensating rods; 

e absence of effects like xenon poisoning of the reactor 
and the associated subsequent insertion of positive 
reactivity; 

¢ high stability of neutron fields; 

¢ impossibility of local criticality in the core even with 
strong perturbations of neutron fields; 

¢ low pressure of coolant determined by hydraulic drag 
of the loop: 

¢ high heat-storage effect of the tank configuration of 
the reactor and intermediate sodium loop, ensuring 
high inertia of processes associated with disturbance 
of heat removal; 

¢ high latent heat of vaporization of sodium both 
during normal service and with loss of seal in the 
primary circuit, considerable DNB margins (300°C); 

* retention of a considerable fraction of radioactive 
fission fragments by sodium and “cold” traps when 
they escape from fuel elements into the coolant; 

¢ low corrosion activity of sodium with respect to 
structural materials, enhancing the reliability of 
sealing shield barriers; 

e use of leaktight containment jackets around equip- 
ment and tubing containing radioactive sodium; 

* passive reactor shutdown system that ensures transi- 
tion to and holding in the subcritical state, including 
with prolonged reactor aftercooling; 

* passive system for emergency aftercooling of the 
reactor that ensures removal of residual heat release 
without exceeding limits of safe operation. 
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Since blocking of the core cross section by foreign 
inclusions and objects cannot be ruled out in principle, a 
sump should be placed in the lower section of the reactor 
housing to catch broken core fragments, that precludes 
formation of a secondary critical mass and has the 
required heat resistance. While this is a specific feature 
of any reactor cores, it is in SCFR designs under devel- 
opment that appropriate steps have already been taken. 


A large body of completed research and experience in 
developing, building and operating SCFRs has shown 
the feasibility of the accepted concept that guarantees a 
high level of radiation safety of SCFRs. As shown by 
SCFR service experience, it is also possible to use 
engineering approaches to neutralize the negative prop- 
erties of sodium coolant that are associated with chem- 
ical activity with respect to water and air oxygen. 


The BN-800 reactor built at the site of the South Ural 
Nuclear Electric Power Plant near the ‘““Mayak” Com- 
bine has the aforementioned properties in full measure, 
and the addition of other engineering features to the 
design—passive facilities for acting on reactivity, sys- 
tems for emergency aftercooling by air heat exchangers, 
a sump for catching molten fuel—has brought it to a 
level that meets safety requirements for reactor units of 
the new generation. This reactor is the first to eliminate 
the ‘Achilles heel’? of high-power reactors: positive 
sodium void coefficient of reactivity (SVCR). This is 
achieved by changing the size and composition of the 
axial top reflector which, by moving sodium away from 
the fuel assembly, dramatically increases neutron escape, 
and the coefficient of reactivity is zero or negative. 


At the same time, the SCFR still has adequate potential 
for further development of internally inherent safety 
properties. Therefore, the goals that are actually attain- 
able in SCFRs of the next generation lie in maximum 
utilization of such properties with a reasonable number 
of active and passive safety features, including: 


* reducing the excess reactivity for burnup to the min- 
imum level (less than f,,.;) while simultaneously 
ensuring zero SVCR; 

* ensuring that the boiling point of sodium will not be 
exceeded in the core in case of an accident with loss of 
all power and all reactivity controls. 


These goals may be achieved by adding features aimed at 
intensifying reactivity feedbacks as the sodium temper- 
ature in the reactor rises, by using denser kinds of 
fuel—nitride, carbide or metal—and also by optimizing 
the power and thermodynamic parameters of the 
reactor. 


By way of illustration, Fig. | shows the safety character- 
istics (SVCR and excess reactivity) of such a core as a 
function of its radius. The acceptable region begins at a 
core radius of 170 cm; the power of such a reactor will 
depend on the choice of specific heat loads. 


Conversion to denser fuels (nitride or carbide) and 
improved thermal contact between fuel and cladding 
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Main physical parameters of safety (SVCR and Ap, as a 
function of the radial dimension of the core. Fuel— 
UC-PuC or UN15-Pul5. Core height 80 cm, refueling 
fraction—047; Ap,—excess reactivity for fuel burnup 
per year of reactor operation 





enables further enhancement of safety. Here several 
versions of cores are possible: with reduced fuel temper- 
atures while retaining core diameter and volume power 
density, with increased power or reduced volume of the 
core, or increased diameter of a fuel element while 
retaining fuel temperature. Of interest from the safety 
standpoint is a core with reduced fuel temperatures. This 
reduction may be quite appreciable (by 700-1000°C), 
an the course of accident processes will be less severe in 
such a “cool”? core when there are problems with heat 
removal or when power rises. 


It may be useful to change the volume of the core from 
the standpoint of impact on coefficients of reactivity, 
and as a whole, additional possibilities open up here for 
optimizing the core from the standpoint of improving its 
internal safety features. Research has also shown that it 
is feasible in principle to make a core in which the level 
of sodium temperatures is kept below the boiling point 
when there is an accident with stopping of pumps and 
loss of the reactor control system, including passive 
mechanisms. Such a core concept is realized in the U.S. 
PRISM project, which demonstrates new capabilities of 
SCFRs in attaining a higher level of safety and economy. 
It uses reactors of modular type of relatively low power 
(170 MW el.), and a fuel cycle based on mixed metal fuel 
(ternary plutonium-uranium-zirconium alloy). In con- 
cert with some additional engineering features, this has 
enabled the support of unique reactor properties. In an 
accident with stopping of pumps and loss of the reactor 
control system, the sodium temperature does not go 
above 700°C (the boiling point of sodium is 930°C). 
Developers of high-power SCFRs are making efforts to 
use this same approach. 


By further accumulating experience and carrying out a 
research program on safety, it should be possible to relax 
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some of the requirements that are now needed because of a 
lack of knowledge. For example, requirements for main- 
taining zero values of SVCR and excess reactivity might be 
replaced by requirements for minimizing these quantities if 
the limits of development of accidents associated with these 
effects could be considered admissible. 


Ecological Problems and Role of SCFR in Solving Them 


Power generating units of any type have a radiation and 
thermal impact on the environment. The most acute 
problem associated with nuclear power operations is the 
accumulation of high-level waste (HLW) in the form of 
fission products and actinides with composition in the 
open fuel cycle that is determined by plutonium and the 
group of so-called minor actinides: neptunium, americium 
and curium. 


To lighten the impact that generated products have on 
the environment, two problems must be solved: 


¢ organization of reliable storage under observation; 
* ensuring burnup of actinides. 


The biological impact of radioactive fission products will 
remain higher than that of the initial natural uranium for 
roughly the first 500 years. For greater times, fission 
products make a much smaller contribution to radioac- 
tivity of the environment than the equivalent amount of 
initial natural uranium incorporated into the fuel cycle. 
For example, after holding for 500 years, the radiotoxicity 
of HLW is determined by actinides with a danger level that 
does not decrease significantly for a million years. 
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Fig. 2 shows the contribution of fission products and 
actinides to the relative radiological toxicity (RRT) of 
spent fuel for different holding times following irradiation 
in the reactor. 
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This is the main obstacle to organizing storage of HLW. 
Some geological formations may retain tectonic stability 
for thousands of years. Methods have now been worked 
out for incorporating HLW into ceramics and special 
kinds of glass that provide comparatively reliable con- 
tainment of radioactivity for a prolonged period (hun- 
dreds of years). Hence, for a period of 500 years (time of 
decay of fission fragments) one can still count on setting 
up rather reliable barriers on the path of propagation of 
radioactive products (canisters, vitrification and the 
like). But in this case, it may be a matter of storage under 
observation, as there are not yet any absolutely reliable 
methods of burial. In this connection, consideration is 
being given to the feasibility of reducing radioactivity of 
HLW by transmutation, i.e. by irradiating long-lived 
radioactive nuclides to convert them to short-lived or 
stable nuclides. 


Solution of the problem of transmutation involves devel- 
opment and introduction of economically effective 
methods of radiochemical processing of irradiated fuel 
that will enable deep extraction of the required radionu- 
clides. This aspect has not yet been adequately substan- 
tiated. If deep separation of fission fragments from 
actinides should be too expensive, the feasibility of 
transmutation of actinides to reduce the overall 
radiotoxicity of the nuclear electric power plant fuel 
cycle will become moot. 


The amounts of minor actinides formed in thermal 
reactors with a uranium charge and in fast reactors with 
uranium-plutonium charge are fairly close, coming to 
25-35 kg per year of reactor operation at electric power 
of 1000 MW. At the same time, these actinides are 
subjected to fission by high-energy neutrons in fast 
reactors, i.e. they can be used as fuel. This permits minor 
actinides in the SCFR to be effectively burned up by 
mixing them into the basic fuel. For example, when 3.5 
percent of admixtures in the form of minor ictinide 
oxides are introduced into the fuel of the BN-800 
reactor, they are burned up in an amount of 100 kg/year 
(difference between the amount of loaded and unloaded 
actinides). Three or four VVER-1000 reactors may be 
“served” in this way. Minor actinides may be even more 
intensively burned up in a specialized fast reactor (or 
specialized core) with fuel that contains a significant 
amount of minor actinides. In the specialized reactor, it 
is advisable to use fuel based on an inert matrix (prefer- 
ably zirconium) without uranium-238, which is a sup- 
plier of the plutonium group and minor actinides. 
Optimization studies show that such fuel may contain as 
much as 30-40 percent of minor actinides (constraints 
here are SVCR, f.,, and other parameters). Several such 
reactors, each of which may burn up as much as 300 kg 
of minor actinides per year, could serve the entire 
nuclear power industry of the nation. Development of 
cores for transmutation purposes in either event must 
proceed from assurance of reactor safety (observance of 
requirements for SVCR and the like) as the principal 
condition of development of nuclear power facilities. 
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When operating power reactors in an open fuel cycle, 
plutonium constitutes the greatest potential danger to 
the environment. Its storage increases radioactivity, as 
there is accumulation of long-lived alpha-emitters **' 
(T,,. = 433 years) and 7°’Np (7), = 2.14 x 10° years), 
and asa result of decay, 7*'Pu. This problem is especially 
acute for so-called high-background plutonium with 
large content of higher isotopes. This kind of plutonium 
is produced in thermal reactors, and by 1992 27 metric 
tons had already been accumulated. It has been proved 
that high-background plutonium should preferably be 
burned in SCFRs. 


The BN-800 reactor with first-load core characterized by 
reduced thicknesses of side blankets is capable of con- 
verting 200 kg of high-background plutonium to low- 
background plutonium in a year; This amount can be 
roughly doubled by increasing the thickness of the side 
shield. A more appreciable increase in the amount of 
high-background plutonium converted to low- 
background plutonium can be achieved by using a core 
of heterogeneous type, which was considered in 
designing the BN-800 reactor. 


In principle, thermal reactors are not capable of con- 
verting high-background plutonium to low-background 
plutonium; in any event, only high-background pluto- 
nium is accumulated in these reactors. Note should be 
taken of one more important feature of fast reactors: the 
possibility of producing comparatively pure uranium- 
233 isotope with uranium-232 content of roughly | ppm. 
Uranium-233 can be produced in thorium fuel assem- 
blies located in the blankets of conventional cores with 
mixed fuel, and also in advanced cores with fuel based 
on an inert matrix that are designed for burning up 
actinides with heterogeneous thorium inserts (blankets). 
Another possible option 1s direct (homogeneous) addi- 
tion of thorium to the fuel composition of the core. The 
uranium-233 that is produced should be used in thermal 
reactors, considerably enhancing their safety character- 
istics. In this process, a strategic problem is organization 
of a more flexible and ecological uranium- 
plutonium-thorium fuel cycle. Such a cycle is in a certain 
sense an alternative to the fuel cycle that uses transmu- 
tation, as it appreciably reduces the production of high- 
level actinides that determine the radioactivity of wastes 
for a long time. Fig. 3 compares the overall radioactivity 
of actinides in wastes as a function of time for various 
fuel cycles, including the uranium-plutonium-thorium 
cycle of the VVER-1000 reactor. 


Under conditions of wide-scale construction of nuclear 
power plants, the question of reducing their thermal 
impact on the environment becomes significant. Power 
generating units with SCFRs have clear advantages here, 
as they can provide gross efficiency on a level of 40-42 
percent. For the same electric power, the heat waste of an 
SCFR generating unit with efficiency of 41 percent will 
be 71 percent of the waste of a unit with thermal reactor 
at efficiency of 33 percent. 
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Overall radioactivity of actinides in wastes as a function 
of time for various fuel cycles of the VVER-1000 reactor: 
I—(U-Pu)O,; 2—{U-235 + U-238 + Pu)O,; 3—UO,,; 
4—(U-233 + Th)O, 





Thus, SCFRs can make a significant contribution to the 
solution of ecological problems. Their role in this respect 
is becoming especially timely with the increasing scales 
of energy production using nuclear reactors. 


Recycling of Weapons Grade Plutonium and Role of the 
SCFR 


According to available data, the stockpiles of plutonium 
made accessible in the former USSR as a result of mutual 
disarmament treaties amount to at least 100 metric tons. 
Such an amount of highly efficient nuclear material 1s 
national property, and its effective use 1s a major 
national economic task. This problem should be looked 
at in connection with the overall strategy of nuclear 
power development, with an eye to improvement and 
evolution of conventional types of reactors (light water 
reactors of VVER type and fast reactors of BN type) and 
their fuel cycle. 


Reactors of BN type (BN-600) are most nearly ready for 
handling the job cf utilizing uranium-plutonium fuel, 
including that base¢d » weapons grade plutonium. 


Fast reactors provide at opportunities for organizing 
various fuel cycles based on using weapons grade pluto- 
nium. A rather intriguing option is weapons grade orga- 
nization of the uranium-plutonium-thorium cycle with 
the advantages discussed above. It is important to note 
that because of much lower toxicity, using U-233 will 
considerably simplify the solution of many problems 


associated with handling, storage and transportation of 
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nuclear fuel without reducing its potential and strategic 
value. Of course, organization of such a fuel cycle will 
require development and introduction of new technolo- 
gies for reprocessing irradiated fuel, and fabricating fuel 
elements and fuel assemblies 


Thus, SCFRs now in existence and under construction 
will enable fairly rapid and efficient solution of the 
problem of recycling weapons grade plutonium and 
production of U-233—the most efficient fuel in light 
water reactors. 


Feasibility of Improving Economic Indicators 


First-generation fast reactors are inferior to light water 
reactors (LWR) when it comes to specific capital expen 
ditures and cost of electric power produced. For 
example, the cost of an installed kW of the BN-600 is 1.5 
times that of the VVER-1000 built simultaneously with 
it at the Novovoronezhs Nuclear Electric Power Plant 
This 1s a reflection of the situation that has objectively 
evolved up to the present: 


¢ light water reactors began to be put into operation a 
decade earlier, and by the time that prototype SCFRs 
were being put into service (the early seventies), light 
water reactors were In series production, 

¢ designs of prototype SCFRs were developed with a 
“margin” for incomplete knowledge of all factors 
impacting on operability of equipment under condi- 
tions of a fast neutron spectrum and high-temperature 
sodium, which was one of the reasons for the higher 
specific material intensiveness of facilities with 
SCFRs; 

¢ the fuel component of the SCFR 1s greater in conse- 
quence of higher fuel enrichment and operation of 
first-generation reactors under conditions of an open 
fuel cycle; 

¢ the SCFR relies more heavily on stainless stee! due to 
the use of sodium coolant. 


At the same time, for purposes of correct comparison of 
the SCFR and LWR, they should both be brought to the 
same safety level, which would necessitate, for example, 
adding a closed cooling water system (when looking at a 
major accident). Of course, this makes the LWR cost more 


Goal-directed work on reducing the cost of the SCFR in 
design and planning organizations has been inadequate. 
There has also been insufficient attention to the external 
fuel cycle that has a considerable impact on the eco- 
nomic indicators of nuclear electric power plants. Work 
that has been done with allowance for cumulative expe: 
rience in design and operation of SCFRs shows the 
feasibility of appreciably improving their economic indi- 
cators and reaching a level of competitiveness with other 
power sources. The main paths for reaching this goal are 
as follows. 


1. Increased burnup that determines the economy of the 
fuel cycle. SCFRs have unique capabilities in thts 
respect. The maximum burnup that has been 
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achieved so far is 10% t.a. In experimental fuel 
assemblies at the present time, a burnup of more than 
20% t.a. has been achieved, which shows the realistic 
possibility of consiaerably reducing the fuel compo- 
nent in the cost of electric power. Concomitant devel- 
opment of technology for reprocessing mixed oxide 
fuel with allowance for the specifics of SCFRs based 
on existing and modified aqueous methods. However, 
it should be noted that economic feasibility of further 
increasing the depth of burnup (beyond 20 percent 
t.a.) will have to be substantiated with allowance for 
the external fuel cycle. 


2. Development and introduction of advanced kinds of 
fuel and new technologies of the external fuel cycle— 
electrochemistry and pyrometallurgy. For example, it 
is proposed that the fuel cycle of the aforementioned 
modular PRISM reactor should utilize metallic fuel 
with electrochemical processing of irradiated fuel 
assemblies, and fabrication of new fuel cores by a 
metallurgical method. Such technology has been a 
decisive factor in appr ciably reducing the cost of the 
external fuel cycle (b) a factor of roughly ten) and 
lowering the prime cost of produced power to tts level 
at conventional fossil-fuel plants. Such technology ts 
unattainable in VVER reactors. 


3. Upgrading, optimizing and upscaling basic equip- 
ment, minimizing the number of heat removal loops 
and the length of sodium tubing in the secondary 
circuit, simplifying the fuel transfer section of the fuel 
assembly charging and discharging channel, simpli- 
fying and downsizing ancillary and emergency supply 
systems in connection with more extensive use of 
emergency heat removal and reactor shutdown sys- 
tems based on passive principles in the new genera- 
tion of SCFRs. 


4. Reduction of construction volumes and material 
intensiveness of the power generating unit by imple- 
menting the steps of section 3, as well as using more 
progressive configurations. 


5. Extending the service life of the reactor facility (with 
allowance for obsolescence), for which there are 
favorable possibilities, including the low corrosion 
activity of sodium. 


6. Conversion of series construction of SCFRs. 


These data are an indication of the possibility of appre- 
ciably reducing material intensiveness and accordingly 
the cost of SCFRs of the new generation as compared 
with designs that have been previously developed. 


The increasing stringency of requirements for providing 
a higher level of safety will tend to bring the economic 
indices of the SCFR closer to those of thermal reactors. 
The reason is that new requirements are satisfied in the 
SCFR by simpler means in consequence of their specific 
features (low pressure in sodium lines, easier control of 
the reactor with regard to compensating for burnup, 
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Stability of power density distribution, and so on). In 
other words, mandated safety improvement may be 
more costly for thermal reactors than for the SCFR. 


Of considerable significance for SCFR economy will be 
the organization of a closed fuel cycle in which the cost 
of fuel assemblies could make allowance in full measure 
for the plutonium that is produced. 


Despite the as yet unrealized capabilities of SCFRs in 
this respect, considering the current dramatic rise in 
fossil fuel prices, they are competitive with conventional 
power sources even now. 


The plan of development of a concept for coming gen- 
erations of SCFRs has to deal with problems of: 


¢ developing a fuel cycle based on more economic 
technologies, and lowering the level of the fuel com- 
ponent below that of thermal reactors; 

¢ achieving specific capital expenditures on the level of 
thermal reactors or slightly higher (by 10-15 percent); 

* attaining overhead expenses on the same level or 
lower than for thermal reactors. 


Main Directions of Future Research 


The main directions of research for facilities of the new 
generation should be tied up with systems that enhance 
safety and economy of the SCFR. Such directions are: 


¢ theoretical and experimental studies on optimizing 
the characteristics of the core: substantiation and 
selection of unit power, maximum depth of burnup, 
safety parameters and so on; 

¢ theoretical studies on promising core compositions 
with ultimate properties of internal safety, with ultra- 
long run, with reduced fuel temperature (“cool” 
zones) and the like; 

* theoretical and experimental studies on more effec- 
tive reduction of SVCR; 

* studies of emergency processes in the core during 
serious accidents; 

* creating facilities for emergency shutdown of the 
reactor based on passive principles of action; 

* researching and developing self-protected reactor 
control system; 

¢ studies and substantiation of passive systems for 
removing residual heat release; 

* developing advanced types of fuel, especially nitride 
fuels, and cores based on them for medium-power 
and high-power reactors to minimize the excess reac- 
tivity for burnup; 

¢ developing a fuel cycle based on metallic fuel for 
reactors of modular type, and new, more economic 
technologies for reprocessing irradiated fuel and fab- 
ricating fuel elements; 

* increasing fuel burnup to 12-13% t.a. in the nineties, 
and to 20% t.a. in the future; 

* working out optimum ways and means of decommis- 
sioning nuclear electric power plants with maximum 
utilization of individual equipment and the evolved 
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infrastructure, and taking all this into consideration 
on the design stage; 

* investigation and substantiation of a mixed uranium- 
plutonium-thorium cycle; 

¢ developing technology for processing irradiated fuel 
from the standpoint of future deep extraction of 
minor actinides for organizing their transmutation; 

¢ studies on optimizing the design and configuration of 
sodium-water steam generators; 

¢ design studies of the feasibility of converting from 
centrifugai to electromagnetic pumps for totally pre- 
venting oil and gas from getting into the sodium; 

* studies on improving the integrity and reliability of 
information obtained from various sensors to control 
nuclear processes; 

¢ developing highly effective systeris of diagnosis that 
guarantee early detection of equipment flaws; 

* researching and developing a specialized trainer for 
each SCFR. 


In this context, it should be taken into consideration that 
the BN-350 and BN-600 reactor units, and eventually 
the BN-800 will be the principal base for further accu- 
mulation of SCFR service experience, improvement of 
cores and tests of experimental fuel assemblies, per- 
fecting safety systems. 


International cooperation is becoming crucial for devel- 
opment of a new generation of SCFRs. The following 
arguments can be cited to support this statement: 


1. Facilities of the new generation should have a safety 
level that surpasses that of preceding units. In this 
context, it is impovtant to iake consideration of the 
world level of requirements that will have to be met 
for use when interacting with franchising agencies 
and the public. 


2. Our approaches to development of fast reactors have 
a lot in common with those of other nations. This 
permits broad-based and effective exchange of basic 
advances in the area of operation of existing nuclear 
electric power plants and research being done for 
future plants. Among other things, leading nations 
have accumulated a great deal of experience in sub- 
stantiating design approaches to systems for emer- 
gency heat removal, studying their characteristics, 
and ensuring reliable operation. Experimental 
research has been done on stands and under actual 
conditions to study core behavior in serious accidents 
accompanied by boiling of sodium and fuel melting. 
At the same time, a large number of complex codes 
have been developed for calculating the course of 
accident processes. This work requires enormous 
money, and therefore it is generally done within the 
scope of international cooperation. Such a trend 
began to show up especially noticeably in the mid 
eighties. An outstanding example is merging of the 
efforts of leading European nations in working on a 
common project of a fast reactor (EFR) together with 
development of national SCFR programs. 
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In conclusion, let us note that the unique qualities of the 
SCFR enable development of reliable, maximally safe 
and economically feasible power plants. At the same 
time, introduction of SCFRKs solves the problem of 
recycling plutonium, including weapons grade _ pluto- 
nium, the strategic fuel-energy problem of mankind for 
the long-range future by using reserves of natural ura- 
nium and thorium, and also ecological problems of 
nuclear power as a whole. 


Concept of Integrated Utilization of Nuclear Fuel 
for Development of Nuclear Thermal Power 
947F0145B Moscow TEPLOENERGETIKA in Russian 
No 5, May 1994 pp 18-21 


[Article by R. G. Bogoyavienskiy, doctor of technical 
sciences, A. Kh. Breger, doctor of technical sciences, and 
A. V. Putilov, doctor of technical sciences, All-Russian 
Scientific Research Institute of Nuclear Machinery, 
Karpov Physicochemical Scientific Research Institute; 
UDC 621.311.25:621.039] 


[Text] Our nation has proposed and developed the concept 
of integrated utilization of nuclear fuel. This article sets 


forth the rationale supporting the need and feasibility of 


using HTGR type reactors with fuel spheres as the basis of 
energy-radiation-processing combines for the purpose of 
simultaneously utilizine 


‘nuclear’ heat for high-temperature and energy-intensive 
chemical processes, and also for heat supply to businesses 
and residences; 


gamma-radiation of fisston products for processes of radi 
ation-chemical technology (RCT) on industrial scales 


It is shown that high economic effectiveness of RCT will 
considerably increase the competitiveness of nuclear 
power sources, bring about conditions for extensive devel- 
opment of nuclear thermal power, and radically improve 
the ecological situation in the power :ndustry, general 
industry, and in municipal services on the territory of 
Russia and neighboring countries 


Major sources of global pollution of the environment 
that constitute a real hazard in the comparatively near 
future for development of civilization on our planet are 
conventional electric power plants, industrial and pub- 
lic-utility boiler houses, chemical and metallurgical 
plants that burn enormous amounts of carbon- 
containing fossil fuels and produce corresponding vol- 
umes of harmful wastes (sulfur dioxide, nitrogen oxides, 
and more). These unrenewable and increasingly costly 
sources of energy are at the same time necessary raw 
materials for chemical technology and a crucial export 
item for our nation. 


In the long run, a natural scientifically and technically 
sound way to solve this problem ts to replace fossil fuel 
with nuclear fuel to the maximum possible extent. How- 
ever, nuclear power until now has been put to practical 
use only for producing electric power. In 1992, the 
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fraction of electric power generated at nuclear electric 
plants throughout the world was about 17 percent, and in 
our nation was more than |! percent. With allowance for 
this factor we will save about 40 million metric tons of 
organic reference fuel per year [1, 2]. In this context, the 
fraction of nuclear power in the overall fuel-energy 
balance of the Russian Federation will be about 3 
percent. Thus, even if all electricity in the nation were to 
be generated tn nuclear electric plants, the savings would 
be no more than 25 percent of the fossil fuel being 
burned at present. For larger-scale replacement of fossil 
fuel with nuclear fuel (without which significant 
improvement of the ecological situation 1n the country 1s 
impossible), nuclear reactors must be put to use not only 
in electric power, but also (and to a greater extent) in 
thermal power—to supply medium-potential and low- 
potential heat for industrial production facilities and 
public utilities, and to provide high-potential heat for 
high-temperature and energy-intensive chemical pro- 
cesses (including for production of building materials) 
and metailurgical processes. 


Advantages and Possibilities of Utilizing HTGRs as 
Sources of Thermal Energy in Industry and Municipal 
Services 

Recently, following major accidents at Three Mile Island, 
and especially at Chernobyl, requirements for nuclear 
safety of power plants have been considerably tightened, 
resulting in drastic downscaling of the construction of 
nuclear electric power plants with reactors of existing 
types. The stringency of these requirements has been 
considerably increased in application to nuclear power and 
processing facilities, and nuclear power and radiation 
facilities, since such facilities have to be located near or on 
the territory of industrial enterprises. In some papers [3-6] 
it has been shown that the most suitable type of nuclear 
reactor for these purposes is the helium-cooled high- 
temperature reactor (HTGR) with uranium-graphite fuel 
spheres using ceramic-coated fuel microparticles (MP) that 
under certain conditions meet the requirements of max- 
imum (internal) nuclear and radiation safety. The use of 
inert helium as coolant, and of graphite not only for 
neutron moderation, but also as the structural material for 
tuel spheres with MP, results in a reactor outlet tempera- 
ture of up to 950°C with uniquely low specific activity of 
the coolant. This enables the use of helium as the working 
fluid in direct cycle turbine systems, or for high- 
temperature and energy-intensive processes of chemical 
technology (for example in synthesis of ammonia and 
methanol), in refining petroleum, metallurgy, and other 
industries [3]. These characteristics of the HTGR have 
been confirmed by prolonged service of the AVR reactor 
with thermal power of about 50 MW in Germany [4]. A 
large-scale experiment done on this reactor has shown that 
when the entire reactor control system fails and circulation 
of gas coolant stops with loss of power to the gas blower, 
chain reaction is stopped thanks to the negative tempera- 
ture coefficient of reactivity. This has been the basis for 
development of HTGRs of modular type with compara- 
tively low thermal power and energy release rate of the 
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core meeting maximum safety requirements: retention of 
core structure and operability of fuel elements in case of a 
serious accident with rupture of the reactor vessel and 
forced replacement of the standard coolant with atmo- 
spheric air. In this case, the one-time release of gaseous and 
aerosolic fission products 1s less than the permissible daily 
effluent according to conditions of impact on the populace 
[5]. Another advantage of the HTGR over conventional 
VVER reactors 1s the capability of producing somewhat 
less expensive electric energy, other things being equal, 
because of higher thermodynamic efficiency in direct cycle 
helium turbine units [3]. 


Ultimately, design approaches are chosen with allowance 
for economic indices: capital investments, overhead 
expenses, cost of generated heat, and economic effective- 
ness of the nuclear power plant as a whole [7]. 


Improving Economic Effectiveness and Competitiveness 
of the HTGR 


Joint research and development done by Karpov Physico- 
chemical Scientific Research Institute, Kurchatov Nuclear 
Power institute, the All-Russian Scientific Research Insti- 
tute of Nuclear Machinery and other institutions over the 
last 25-30 years has shown that the economic effectiveness 
and competitiveness of the HTGR can be considerably 
increased by integrated utilization of nuclear fuel, i.e. simul- 
taneous use of both “nuclear” heat for initiating and car- 
rying out high-temperature energy-intensive chemical pro- 
ces‘es and/or producing electric energy, and gamma 
radiation of fission products (FP) of heavy nuclei generated 
in fuel spheres as they circulate in the “uranium radiation 
loop” (URL) for large-scale economically effective processes 
of radiation-chemical technology (RCT). Fission products 
have generally been treated merely as nuclear reactor wastes 
that require protective measures (with corresponding expen- 
ditures). However, even at the dawn of development of 
nuclear power, I. V. Kurchatov pointed out the necessity 
and feasibility of working out ways to utilize these sources of 
nuclear emission [8]. 


Large-Scale Processes of Radiation-Chemical Technology 


The advent and evolution of RCT as a major area of nuclear 
power engineering has demonstrated that radiation- 
chemical processes (RCP) can provide necessary materials 
with unique properties, as well as modifying materials and 
finished articles to improve their working properties. It is 
most effective to carry out RCP wiih the use of gamma 
radiation; some of these processes have already been real- 
ized on industrial scales both in Russia and elsewhere [9]. 
For example, RCT partly provides some heat- and radia- 
tion-resistant materials and incombustibles for the nuclear 
power industry; radiation-modified polyethylene tubing has 
been fabricated that can be used instead of galvanized steel 
pipes for hot water supply; by impregnation with a 
monomer followed by gamma irradiation, concrete-polymer 
and other structural components are produced that are 
impermeable to water, have enhanced anticorrosion prop- 
erties, and are resistant to cyclic freezing and thawing and to 
the action of low temperatures. Wires and cables with 
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radiation-modified polyethylene resistant to heat and chem- 
icals are being produced on large scales. Gamma irradiation 
of monomer-impregnated wood produces new materials 
that combine the properties of wood and polymer. Gamma 
irradiation is being successfully used for radiation purifica- 
tion and decontamination of wastes, in water treatment, 
food processing to prolong storage life, for sterilizing 
medical equipment and prescriptions, and more [9]. 


Creation of NPRPC—Path to Integration of Nuclear 
Thermal Power and Radiation-Chemical Technology 


To realize the aforementioned (and some other) radiation- 
chemical processes on industrial scales, sources with power 
of the order of 10°-10° kW are needed [9] that generate 
comparatively inexpensive gamma radiation. Most suitable 
and ready for these purposes are energy-radiation- 
processing facilities that include HTGRs with fuel spheres. 
The safety and service reliability of HTGRs of this type and 
the feasibility of gas transport of the fuel elements in the 
loop have been contirmed by operating experience with the 
AVR reactor in Germany. 




















IipyHHunnnMaiblasd CxeMa SHEpropanaHauMOHHO-TeExHO.OM4e- 
CKOH AQepHOH ycTaHoBKH. 

1 - peaxtop; 2 - xopmyc C BbICOKOTeMnepaTypHbiM TerLI006- 
M€HHMKOM M Maporeneparopom;, 3 - OCHOBHAS resmMeBas ra30- 
myska; 4 - e0%n0M razonposog; 5 - o6parHbiit Kranan; 6 - 
O6rywaTetb PaMauMOHHO-xXHMHYECKOM yCTaHOBKH; 7 - Me- 
X2HH3M Pasay TBINOB;, 8 - M@XaHH3M BbIMPy3KH TBIN0B; 

9 - ycTDoHcTBO KOHTpors TaON0B, /0 - waponposogzHas apMa- 
typa, // - mexaHn3m oTr6paxosKH HW HarHeTaHHa TBIN0B; 
12 - yuacToK ra3z0B0H ThaHCcnopruposKH TB9208; /3 - ropmo3- 
HOe ycTponcrso; /4 - ycrpodcrso ais noOnsona raza; 15 - em- 
KOCTb Zia TBON0B; /6 - MexaHH3m pasgenenna TaIN0B; /7 - 
3arpy30uHas wraHra. 

schematic diagram of power and radiation nuclear pro- 
cessing facility: |—reactor; 2—vessel with high- 
temperature heat exchanger and steam generator, 3— 
main helium blower; 4—double gas line; S—check valve; 
6— irradiator of radiation-chemical unit 7—fuel element 
dispensing mechanism; 8—fuel element unloading 
mechanism; 9—fuel element monitoring unit; 10— 
sphere guide fitting; |11—mechanism for quality control 
and injection of fuel elements; 12—fuel element gas 
transport section; | 3—decelerator; |4—gas supply unit; 
15—fuel element reservoir; 16—fuel element separation 
mechanism: | 7—loading rod 
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In our country, a nuclear base processing facility (NBPF) 
has been developed with VGR-50 helium-cooled high- 
temperature reactor [10] of roughly 140 MW thermal 
power, and with a radiation-chemical unit (RCU) having 
«2mma irradiaturs with power of about 500 kW [11]. 
The figure shows a schematic of the facility. The RCU 
irradiator used mainly gamma radiation of short-lived 
fission products, which necessitated multiple circulation 
of fuel elements in the URL during a run of one fuel 
charge in the reactor. The charge was selected on the 
basis of optimizing the resultant gamma power of the 
RCU and wear of fuel spheres during circulation, i.e. as 
a function of the rate of displacement of fuel elements 
through the loop. The facility was designed for a capacity 
of about 4000 metric tons of radiation-modified poly- 
ethylene tubing and specially shaped items per year [11]. 
According to estimates made at the time, the anticipated 
annual economic effect from sales of these goods would 
considerably exceed the cost of heat generated by the 
VGR-SO reactor. The engineering design of the NBPF 
had been approved by the appropriate organizations, but 
mainly for reasons typical of the “stagnant period’’ was 
never realized. However, based on design experience 
with the NBPF, an integrated facility with thermal power 
of 2200 MW has been developed with direct cycle 
helium turbine units having eleciric power of 1000 MW 
and a uranium loop with RCU having power of 5 MW 
for a nuclear power and radiation processing combine 
(NPRPC) [12]. 


With allowance for new nuclear and radiation safety 
requirements, a design has also been developed for a 
modular HTGR with intermediate helium loop with 
integrated placement of the high-temperature heat 
exchanger directly in the reactor vessel beneath the core, 
doing away with the gas lines and connecting pipes of the 
first (active) helium loop, and enabling core cooldown by 
natural circulation of coolant without using a blower. In 
accidents with possible rupture of the reactor vessel and 
loss of standard coolant, residual heat is removed by heat 
conduction and radiation of the surface of the reactor 
vessel to [the fins of] a tube type cooler of a passive heat 
removal system that are located on the inside of the 
reactor vessel shaft. The coolant in this system is water; 
in an emergency situation, natural circulation of this 
coolant through a closed circuit to an air cooler located 
on the outer surface of the reactor shaft cover keeps the 
maximum temperature of MP in the core below the 
admissible level (1600°C), and the fuel spheres remain 
operable with respect to retention of FP. In combination 
with the negative coefficient of reactivity of the core, this 
meets the requirement for nuclear and radiation safety. 


It is shown in [13] that the “enterprise of the future’— 
NPRPC—will be highly effective when used tn ths construc- 
tion materials industry, utilizing heat and electric energy in 
the production of 2 million metric tons of cement per year, 
partly processed in the RCU of this NPRPC into radiation- 
modified concrete-polymer items (1.1 million m’). The 
required total thermal power (1500 MW) will be provided at 
this combine by six HTGRs of modular type with thermal 
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power of 250 MW each. As a result of sales of concrete- 
polymer goods and savings of reinforcement and conven- 
tional concrete, the anticipated economic effect will consid- 
erably reduce the prime cos: of generated heat (and electric 
energy) and pay back capital expenditures in less than 5 
years with annual savings of more than 1.5 million metric 
tons of reference fuel. 


A radiation-chemical unit of such capacity permits orga- 
nization of alternative production of as much as 50,000 
metric tons of radiation-modified polyethylene tubing, or 
setting up a facility for disinfecting sludge and mud of the 
sewage of a city with a population of about one million. 


And so, realization of our nation’s conce;t of integrated 
utilization of nuclear fuel by setting up power and 
radiation processing combines [14] that incorporate fuel- 
sphere HTGRs, radiation loops and powerful gamma 
units, will in future be « considerable aid to handling 
crucial tasks of scientuic and engineering progress: 


economically effective replacement of fossil fuel (in the 
power industry, general industry and public utilities) 
with nuclear fuel; 


considerable improvement of the ecological situation in 
some areas of Russia; 


large-scale introduction into the nation’s economy of 
advanced facilities for producing radiation-modified and 
novel materials, as well as other processes of radiation 
technology. 
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Summary of Operation of Nuclear Electric Power 
Plants in 1993 
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[Article by V. I. Andreyev, engineer, and V. M. Vitkov, 
engineer, Rosenergoatom Company, All-Russian Scien- 
tific Research Institute of Nuclear Electric Power Plants; 
UDC 621.311.25:621.039] 


[Text] The article summarizes major technical-economic 
indices of nuclear electric power plants of Russia in 1993. 
The authors give capacity factors, total number of fault 


conditions of nuclear electric power plants, and data on 
responses of protection systems of power generating units 


of nuclear electric plants. 


ENGINEERING AND EQUIPMENT 117 


Estimates are given of the severity of faults on the IAEA's 
seven-point international nuclear events scale, data on 
exposure of personnel and gaseous emissions of nuclear 
electric power plants. 


Nuclear electric power plants in Russia in 1993 gener- 
ated 119.2 billion kWh of electricity, which is 13.2 
percent of the total electricity generated at all electric 
power plants. 


At nine nuclear electric power plants on | January 1994, 
29 generating units were in operation with total installed 
capacity of 21,242 MW. 


With respect to types of generating units, the installed 
capacity is distributed as follows: 


VVER-1000—7 units (V,,., = 7000 MW; VVER-440—6 
units (N,,. = 2594 MW; RBMK-1000—11 units (N,,.. = 
11,000 MW; EGP-6—4 units (N,., = 48 MW. 








Table 1. Technical-Economic Indicators of Operation of Generating Units of Nuclear Electric Power Plants 

























































































Name of NEPP, RU Type Turbine Type Installed Capacity, MW Generation of Electric Energy, Capacity Factor 
Unit Number Millions of kWh 

Balakovo, | VVER-1000 K-1000-60/1500 1000 3493.7 39.88 
Balakovo, 2 VVER-1000 K-1000-60/1500 1000 To 49322 | 44.89 
Balakovo, 3 VVER-1000 K-1000-60/1500 1000 — gsng9tsté—<‘“‘séswS*étS SSCS” 
Balakovo, 4 VVER-1000 K-1000-60/1500 1000 ee 60.40 
Kalinin, | VVER-1000 K-1000-60/1500 1000 T $190.7 $9.25 
Kalinin, 2 VVER-1000 K-1000-60/1 500 1000 | 6145.3 | 7015 
Kola, | VVER-440 K-220-44 440 2145.2 55.65 
Kola, 2 VVER-440 K-220-44 440 ~233207~—~C~C«<SSté‘CS*«~SSSD.S 
Kola, 3 VVER-440 K-220-44-3 440 937387 ~SSO«SYSSSCO0S 
Kola, 4 VVER-440 K-220-44-3 440 [ 30388100 aa 71882 
Novovoronezhsk, | VVER-210 Decommissioned 6 August 1984 

Novovoronezhsk, 2 VVER-210 Decommissioned 29 August 1990 _ 

Novovoronezhsk, 3 VVER-440 K-220-44-3 417 4 974 7 | | - $1.22 i 
Novovoronezhsk, 4 VVER-440 K-220-44-3 417 T 2853.9 74.04 
Novovoronezhsk, 5 VVER-1000 K-500-60/1 500 i000 +~7FSC*”té~‘Nt*“‘é™C(COIS™C;*~*W DAR 
Leningrad, | RBMK-1000 K-500-65/3000 1000 THON i rine 
Leningrad, 2 RBMK-1000 K-500-65/3000 1000 9. | 9 
Leningrad, 3 RBMK-1000 | K-500-65/3000-2 1000 oe ‘1797.7 —— | 8901 _ 
Leningrad, 4 RBMK-1000 | K-500-65/3000-2 1000 [7361.9 8408 
Kursk, | RBMK-1000 K-500-65/3000 1000 4982.2 56.89 
Kursk, 2 RBMK-1000 K-500-65/3000 1000 [5026.3 7 | S73 
Kursk, 3 RBMK-1000 K-500-65/3000 1000 6155.0 70.26 
Kursk, 4 RBMK-1000 K-500-65/3000 1000 623050 oD 
Smolensk, | RBMK-1000 K-500-65/3000 1000 r  RST.S 78.21 
Smolensk, 2 RBMK-1000 K-500-65/3000 1000 . 1204.8 82.25 
Smolensk, 3 RBMK-1000 K-500-65/3000 1000 9942.7 8268 
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Table 1. Technical-Economic Indicators of Operation of Generating Units of Nuclear Electric Power Plants (Continued) 



































Name of NEPP, RU Type Turbine Type Installed Capacity, MW | Generation of Electric Energy, | Capacity Factor 
Unit Numbex Millions of kWh 

Beloyarsk, | ~AMB-100 Decommissioned 18 June 198)” OO 
Beloyarsk. 2 —T ~AMB-100 iZ Decommissioned | Octobér 198) 
Beloyarsk, 3 ~~ BN-600. | -K-210-130-3 600 42202—st—‘<‘<«i‘«‘CF;*“‘«‘ ODDS 
Bilibino, | “| EGP-6 T-12/12-60/2.5 12 “3S 808 
Bilibino, 2 | EGP-6 T-12/12-60/2.5 12 a5 | oo 
Bilibino, 3 | EGP-6 T-12/12-60/2.5 12 6448 | 6164 — 
Bilibino, 4 | BGP-6 T-12/12-60/2.5 12 69 | 7513 























NoteBalakovo, 4 was started on 11 April 1993, calendar time 5262 hours, brought up to Nyro and put into industrial service 22 Dec 1993. 








Table 2. Data on Stops With Response of Emergency Protection per Generating Unit per Year With Respect to Main 
Types of Power Generating Units of Nuclear Electric Power Plants 

















ype of Generating Unit Response of Protection System | 

VVER-1000 ey 
VVI R-440 OO Oe | 17 | a 
RBMK-1000 064 —— 
EGP-6; BN-600 000 a 











Table 3. Distribution of Number of Faults at Nuclear Electric Power Plants of the Russian Federation by Levels of the 
International Nuclear Events Scale 



















































































Name of NEPP, Generating Unit Number of Faults in NEPP Operation Bn 
Total Scale Levels Oo 

2 ae 

Balakovo, 7 a 1 I - 

Balakovo,2 12 2 2 

Balakovo,} 6 2 | PO 

Beloyarsk,3 —_ | 

Bilibino, | a ; 3 — 

Bilibino,2 2 — - | 

Bilibino, 3 0 rn 

Bilibino,4 3 a _ 

Kalinin, | 2 2 a 

Kalinin, 2 : ee 
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Table 3. Distribution of Number of Faults at Nuclear Electric Power Plants of the Russian Federation by Levels of the 
International Nuclear Events Scale (Continued) 
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Note: 124 of the 154 faults are below scale and have no effect on safety 





Reliable and safe operation, as well as economic effec- 
tiveness of nuclear electric power plants, are character- 
ized by a number of indicators that are analyzed each 
year for each plant generating unit with publication of 
annual reports about the status of operational safety. 


Some indicators that enable assessment of the operation 
of nuclear electric power plants are summarized in 
Tables 1-3. 


Capacity factors as a whole with respect to all generating 
units of nuclear electric power plants in 1993 were 67.22 
percent, for plants with VVER generating units—64.75 
percent, and for plants with RBMK units—78.6 percent. 


An important characteristic of reliable and safe operation of 
generating units of nuclear electric power plants is their 
operating faults. Faults in operation of nuclear electric 
power plants are accounted for by standard documents on 
plant safety, where faults are categorized as emergencies and 
accidents. Fault conditions include unplanned shutdowns 
and fuel discharges, above-normal releases of radioactivity, 
failures in safety systems, and defects in equipment of 
importance for safety that are discovered during servicing 
and repair (14 categories in all). 


The total number of recorded faults in nuclear electric 
power plant operation was 154. The maximum number 
of faults in 1993 occurred in the following categories: 


* at plants with VVER-1000 generating units: in the 
category of failures of safety systems within the range 
of safe operating conditions as defined by technolog- 
ical regulations—31 of 57 faults; 

e at plants with VVER-440 generating units: in the 
category of shutdown of the generating unit—12 
faults, and failures of safety systems within the range 
of safe operating conditions as defined by technolog- 
ical regulations—24 faults out of a total of 48; 

e at plants with RBMK-1000 generating units: in the 
category of shutdown of the generating unit—13 of 25 
faults. 


The stability of the generating unit of a nuclear electric 
power plant, i.e. the number of shutdowns with response 
of the protection system referenced to one generating 
unit, was 0.78. For generating units with VVER reactors, 
this quantity was 1.25. 


The stability of generating units with RBMK reactors 
was 0.44. 


Table 2 summarizes data on unplanned shutdowns of the 
generating units of nuclear electric power plants and 
response of the protection system. 


Faults in operation of nuclear electric power plants are also 
assessed by the IAEA’s seven-point international nuclear 
events scale. This scale enables evaluation of the importance 
(from the standpoint of radiation safety) of faults in plant 
Operation, and gives an assessment of the event that is 
comprehensible to specialists and to the public. 


Table 3 summarizes data on faults that occurred at 
nuclear electric power plants of Russia and were assessed 
by the seven-point INES scale. 


Individual doses of irradiation of nuclear electric power 
plant personnel were below the permissible maximum. 
Data of years of observation show that average indi- 
vidual doses for the generating units of nuclear electric 
power plants with VVER-440 reactors are 6-16 percent, 
for the VVER-1000 2-6 percent, and for the RBMK- 
1000 10-20 percent of the maximum permissible dose 
for personnel, which is 5 cSv/yr. 


Gaseous radioactive releases were 0.5-25 percent of the 
permissible levels, which resulted in a dose of irradiation 
of the population of less than | mrem/yr, an amount that 
is difficult to measure against the natural background 
radiation (100 mrem/yr). 


Doses of irradiation from liquid wastes of nuclear elec- 
tric power plants were even less. 


These data summarizing operation of nuclear electric 
power plants of Russia show a satisfactory level of 
operation of power generating units, and reliable and 
safe plant operation. 
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Investigation of Water-Chemical Characteristics of 
PGV-1000 Steam Generators 

947K 01464 Moscow TEPLOENERGETIKA in Russian 
No 5, May 1994 pp 30-35 


[Article by V. N. Voronov, doctor of technical sciences, P. 
N. Nazarenko, candidate of technical sciences, A. G. 
Shmelev, engineer, A. P. Titarenko, engineer, M. G. Shche- 
drin, engineer, A. F. Sotnikov, engineer, and V. G. Luchkin 
(deceased), engineer, Moscow Power Engineering Institute, 
Novovoronezhsk Nuclear Electric Power Plant; UDC 
621.311.22.621.182.12] 


[Abstract] To develop an automatic system for monitoring 
and controlling the water-chemical regime of the secondary 
loop of a nuclear electric power plant with VVER-1000 
reactor, the authors ran tests on PGV-1000 steam generators 
of generating unit No 5 at Novovoronezhsk Nuclear Electric 
Power Plant to study the dynamics of basic indicators of 
flushing water (y, ¥;,, PH, Na, Cl) with changes in the 
blowdown mass flow and quality of feedwater. It was found 
that when there is a disturbance of the mass flow of 
feedwater, a new quasisteady concentration of Na and y,, is 
established within 3-3.5 hours. A change of periodic blow- 
down mass flow has almost no effect on pH of the steam 
generator flushing water. Changing the blowdown mass flow 
(i.e. switching periodic blowdown from one steam generator 
to another) has almost no effect on indicators of the water- 
chemical! regime of the condensate-feedwater section and 
the feedwater. The rate of increase (reduction) of sodium 
concentration and y,, in the steam generator flushing water 
depends on initial conditions and the introduced perturba- 
tion. There was a considerable error in determining sodium 
concentration in feedwater by automated chemical moni- 
toring instruments, which was reflected in calculations of 
the extent to which sodium was concentrated in the volume 
of the steam generator. The use of methods of regression 
analysis to determine the interrelationships among y,;, Na 
and Cl for the flushing water of steam generators gives an 
estimate of the quantitative admissible level of concentra- 
tion of Na for the steam generators of power generating unit 
No 5, and confirms that there are other anions in addition to 
Cl in the steam generator. Presumably, such anions may be 
sulfates and other anions of lower carboxylic acids. Figures 
6, table 1, references 2. 


Monitoring Residual Service Life of Nuclear Electric 
Power Plant Equipment From Indicators of 
Corrosion-Mechanical Strength of Structural Materials 
947F0146B Moscow TEPLOENERGETIKA in Russian 
No 5, May 1994 pp 36-39 


[Article by I. A. Stepanov, doctor of technical sciences 
(deceased), NIKIET (not further identified), RF Min- 
istry of Nuclear Power; UDC 621.311.25:621.039] 


[Abstract] The author defines residual service life as the 
time of safe operation of a structure until the operating 
service life is reached. The concept of service life includes 
the assumed or actual degradation of service properties of 
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construction material under designated and actual working 
conditions, so that determination of the residual service life 
requires monitoring of the degradation of materials in real 
time. An analysis is made of factors that influence various 
types of corrosion: acting and residual stresses, cyclic 
loading, chemical composition of metal, structure, mechan- 
ical properties, surface properties and defects, and condi- 
tions of corrosion. Types of corrosion damage include 
cracking, fatigue, intergranular corrosion, component- 
selective corrosion, hydrogen embrittlement, erosive corro- 
sion, contact corrosion, nodule corrosion of zirconium 
alloys, and pitting. Analysis of nuclear electric power plant 
operating experience shows that the most dangerous forms 
are cracking and fatigue, which are typical of tubing and 
heat exchange equipment. A system is proposed for moni- 
toring the corrosion-mechanical strength indices of mate- 
rials in nuclear power generating equipment as a basis for 
determining residual service life. This system would include 
an initial data bank on the properties of materials used, 
programs for checking selected parameters, programs for 
calculating residual service life, and a system for automati- 
cally monitoring and recording data throughout all oper- 
ating cycles. Figure |, tables 3, references 4. 


Influence That Arrangement of Primary Circuit 
Tubing Has on the Course of Emergency 
Operation of Water-Cooled Water-Moderated 
Power Reactors 


947F0146C Moscow TEPLOENERGETIKA in Russian 
No 5, May 1994 pp 43-46 


[Article by B. I. Nagmatulin, doctor of technical sciences, 
A. G. Lobachev, and L. K. Tikhonenko, candidates of 
technical sciences, ENITs (not further identified), All- 
Russian Scientific Research Institute of Nuclear Electric 
Power Plants; UDC 621.311:25 621.039.58] 


[Abstract] The typical pressurized water reactor (PWR or 
VVER) has a U-shaped bypass line in each coolant recircu- 
lation loop that connects the steam generator outlet header 
to the reactor coolant pump (RCP). This line is usually 
called the hydraulic seal (HS) of the loop. The article is a 
state-of-the-art discussion of the influence that the HS has 
on evolution of transient core cooling conditions in loss of 
primary coolant accidents. Analysis of the problem suggests 
that a full-fledged research program is needed to study 
operation of hydraulic seals of VVER-1000 reactors when 
parameters are typical of accidents with slow uncompen- 
sated leakage of the cold leg. Figures 4, references 9. 


Natural Gas in Centralized Electrical and Heat 
Supply 

947F0147A Moscow TEPLOENERGETIKA in Russian 
No 5, May 1994 pp 50-57 


[Article by M. A. Styrikovich, academician, Russian 
Academy of Sciences; UDC 620.9] 


[Text] The increasing role of ecology and rapid progress in 
gas-turbine plants makes it advisable to enlarge the role of 
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natural gas in the world’s energy balance. This is even 
more obvious for Russia, where there are enormous 
reserves of gas and the most highly developed system of 
centralized heat supply. 


However, the system of centralized electrical and heat 
supply has io be converted from sprawling powerful steam 
turbine heat and electric power plants [TETs] to steam- 
gas TETs with up-to-date gas-turbine plants (GTP). The 
introduction of automatic regulation of residential 
heating is even more economic. 


In recent years, the world has witnessed an abrupt 
change in assessment of the role of natural gas in 
development of the power industry. Not long ago, it was 
considered to be a fuel with limited reserves destined 
mainly for specific consumers: cooking or central heating 
and hot water in single-family dwellings. 


The use of gas for industrial energy supply was consid- 
ered inadvisable, as the service life of large electric power 
plants is long, and the possibility of providing them with 
gas for a prolonged period was seen as debatable. The 
European Community, which is a center of international 
trade in gas and a big consumer of gas was not recom- 
mending construction of electric power plants designed 
for using natural gas as the main fuel. 


And it must be noted that the principal advantages of gas 
in facilities of the recent past have been incompletely 
realized. Gas-turbine generating units based on natural 
gas do not differ very much in their effectiveness (effi- 
ciency and initial capital investments) from widely prev- 
alent gas-and-oil and even coal-fired conventional elec- 
tric power plants. Moreover, it should be noted that to 
satisfy the standards in effect at the time with respect to 
NO, emissions, flue gases had to be cleaned by using 
expensive Denox catalytic converters. 


Also playing a certain delaying role in expansion of the 
use of natural gas in stationary power were the forecasts 
of that time predicting burgeoning consumption of pri- 
mary energy resources, especially in underdeveloped 
nations. 


All this in combination with predictions of rapid deple- 
tion of oil and gas reserves, and ecological problems on 
the path of expanded use of coal led many world nations 
to pin their hopes on rapid expansion of the use of 
nuclear power. In doing so, they assumed that nuclear 
power plants in normal operation would exclude any 
appreciable harmful emissions into the atmosphere. And 
with a transition to more complete use of uranium in fast 
reactors than in thermal reactors, one could count on 
long-run support of any pace of growth of world con- 
sumers of primary energy resources (not to mention the 
enormous reserves of thorium and the fusion reactors 
that seemed to be on the verge of realization). 


As a result, when doubts arose after the “‘oil crisis” about 
the stability of uninterrupted supply of the world with 
petroleum, which seemed to be rapidly increasing in 
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price without restraint, industrialized nations with the 
lion’s share of energy consumption in the world began to 
pursue an active policy of energy conservation. Such a 
policy, which is economically justified when petroleum 
prices are high, resulted in an abrupt decline in the pace 
of increasing energy consumption. It became clear that 
developed nations, which have strongly reduced their 
energy consumption over the last 15 years, would not be 
significantly increasing consumption in the future. At 
the same time, most developing nations have been in no 
condition to support the necessary pace of increase in 
their own energy consumption. 


Thus, notions about the outlook for development of 
world power have gone through decisive changes in the 
direction of a significant reduction in the pace of 
increasing demand for primary energy resources. The 
predominant consensus is that mankind even in the long 
run (at least to the middle of the next century) is under 
no threat of completely running out of primary energy 
resources. Many countries have completely stopped or 
considerably curtailed the construction of nuclear elec- 
tric power plants, and have reduced the pace of acquisi- 
tion of unconventional renewable ecologically clean but 
expensive (with respect to capital expenditures) sources 
of energy. 


At the present time, the consensus of most professionals 
(an opinion recently shared by only a few, including the 
author [1]) is that the present level of energy consump- 
tion, and hence the cost of petroleum, which still domi- 
nates the world market, will rise very slowly, and the 
energy requirement of the world’s economy will steadily 
decline. 


This is also reflected in the latest forecasts of the most 
authoritative organizations (World Energy Council, 
International Energy Agency and others), according to 
which conventional fossil fuels—petroleum, gas and 
coal—will remain the basis of world energy consumption 
even up to the mid twenty-first century. 


Their reserves, which have sharply increased in the latest 
estimates (especially with respect to gas), will not be 
exhausted in the foreseeable future, and the question of 
the optimum share of given energy resources in world 
energy consumption will be resolved on the basis of free 
rather than forced selection of the most economic ways 
to cover energy needs. However, considering that fossil 
fuels are very unevenly distributed over the surface of 
the planet, and that unlike petroleum, the transport of 
gas and coal (especially with low calorific content) con- 
siderably increases their cost in regions of consumption, 
the optimum solutions will differ in different regions of 
the world. 


A second major change over the last 10-15 years has been 
increased attention to problems of ecology. The gloomy 
forecasts of the Roman Club, that 20 years ago predicted 
a global ecological disaster even before the end of the 
century, have turned out to be unfounded: individual 
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nations have been able to continue economic develop- 
ment while limiting, and in many cases even reducing 
the destructive man-made impact on the environment. 
However, this has required enormous expenditures that 
are inaccessible to developing nations where *4 of the 
planet’s population resides. Today major ecological 
crises (deforestation, pollution of the air, water and soil, 
and the like) threaten the development of mankind in 
nations with a transitional economy and in developing 
regions, rather than in superindustrialized countries. 


Problems of ecology are also very distressing in nations 
that have taken the line of “building socialism,’ where 
development of industrialization has been given decisive 
importance at any cost. As a result, these nations, 
including Eastern Europe and especially Russia, other 
CIS nations and China, have created a threatening 
ecological situation, and the scarcity of investments 
necessary for radical restructuring of this economy 
makes it extremely difficult to allocate major capital 
investments needed for reducing the environmental pol- 
lution that has reached a critical level in many nations. It 
is important to note that this pollution, especially in 
Russia and other CIS nations, is local. Compactly built 
cities are islands of inadmissibly polluted air in a 
relatively clean ocean of atmosphere [2]. 


Of all types of fuel, the most ecologically clean is 
certainly natural gas: methane that contains neither ash 
nor sulfur (as is known, for conditions of pipeline service 
reliability, gas from deposits that contain sulfur in the 
form of hydrogen sulfide is deep-cleaned of H,S at the 
pumping site). 


The very structure of methane, a compound that does 
not contain fuel nitrogen or ash with components that 
are often toxic (e.g. vanadium in the ash of fuel oil), 
reduces the occurrence of toxic compounds in its com- 
bustion products to NO, formed as a result of oxidation 
of atmospheric nitrogen. 


In modern GTP combustion chambers, by approprivte 
organization of the working process, formation of NO, 1s 
lowered as referenced to NO, to 30-35 mg/m* [3], which 
is much lower than any standards of admissible emis- 
sions. Of course, the volume of gas per unit of burned 
fuel in the GTP is much greater than when gas is burned 
beneath boilers. However, in GTP designs where all fuel 
passes through the gas turbine, the exhaust gases are 
already diluted when they enter the stack. And when 
arrangements with afterburning are used, the specific 
emission (per metric ton of reference fuel) of nitrogen 
oxides would be even lower, since the second stage of 
combustion while expending fuel generates almost no 
additional NO,. 


Besides, it is the useful effect that counts, and in a GTP 
in up-to-date systems of steam-gas plants at a condensing 
generating station, this effect is 1.4-1.5 times higher, and 
when a GTP is used at a TETs the additional consump- 
tion of gas for generating electric power is less than '2 
that at our best condensing generating stations. 
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On the whole, emissions of NO, in modern GTP facilities 
are so insignificant that their use in heat supply systems 
makes the additional emission of NO, negligible in com- 
parison with other sources of pollution of the atmosphere 
of cities. Under these conditions, it is completely admis- 
sible from the standpoint of ecology to locate TETs within 
city limits when they operate on gas and are equipped with 
modern GTPs in any arrangements. 


This has enormous significance for Russia, where cen- 
tralized heat supply, which has been extensively devel- 
oped not only in large cities, but in medium-sized and 
even small cities as well, is based on gas fuel for most 
regions of the nation both today and in the future. 
Topping medium-sized and even small boiler houses 
GTPs opens up tremendous energy-saving possibilities 
with allowance for generating electric energy for thermal 
consumption. 


The list of energy-saving measures that are realizable on 
the level of technologies already acquired 1s very long, 
but the economic effectiveness of different measures 
ranges widely. Therefore, it is extremely important to 
prioritize technologies and single out as basic those that 
give a quick and high return per unit of expenditures. 
The voices of the “green parties” are resounding in all 
world nations in favor of the maximum saving of energy 
that is possible from the engineering standpoint, but 
unfortunately they are rarely supported by economic 
analysis of the effectiveness of investments in given 
measures for saving energy. 


Such analysis is especially important for selecting the 
optimum strategy of development of power in Russia, 
where the extreme scarcity of investments requires pri- 
ority allocation of money for measures that pay for 
themselves quickly. 


Unfortunately, under today’s conditions today this 1s a 
very difficult problem. 


High and unpredictable rates of inflation and jumps in 
prices for fuel and equipment in Russia make it mean- 
ingless to try to use current prices in technical-economic 
calculations when developing Russian programs for 
future saving of energy. Nor 1s it realistic to use a more 
stable system of prices from any pervious period multi- 
plied by a correction factor, as the cld price system 
reflected neither the complete national economic targets 
for different kinds of fuel or equipment, nor their 
consumer cost. It is well known that prices for both fuel 
and equipment were set by impulse, usually with the 
excuse of ensuring “normal” profitability of an industry 
as a whole. And the “norm” of profitability for various 
industries ranged very widely. This made it impossible 
to compare expenditures for different kinds of fuel, 
equipment, construction, installation and other compo- 
nents of economic calculation. Attempts to correct these 
cardinal flaws of the existing system of prices, for 
example by establishing a system of “closing expenses” 
for fuel, were only partly effective, as they did not 
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account for distortions of real expenditures for equip- 
ment and numerous direct and hidden subsidies 
throughout the chain of production from raw materials 
to finished goods. 


It might be sounder to use world prices for fuel and 
equipment in projected calculations for a future when 
market relations will have been established and ties with 
the world market will have expanded. However, such an 
approach necessitates accounting for some specific pecu- 
liarities of the economy of Russia that require certain 
adjustments of considerable significance in calculations 
for the short-range future (5-10 years), and with respect to 
some indicators persist into the more remote future as well 
(30-40 years). Among these peculiarities are high bank 
interest on capital, geographic and climatic conditions, 
and also our own kind of resettlement and lifestyle. 


Among the most important geographic factors for the 
fuel and energy complex are high latitudes, prolonged 
winters and summers that are not very hot, as a result of 
which even in the more remote future when the standard 
of living has improved, seasonal changes in demand for 
energy resources will be considerable, and maximum 
consumption (as opposed, for example, to the United 
States) will still be in the winter. 


According to present ideas, most of the total world 
energy consumption up to the year 2030 will be covered 
(according to any version of evolution of the energy 
industry) by fossil fuel, and nuclear power may receive 
extensive development only beyond the limits of the 
period under consideration (30-40 years). The principal 
factor is not even the negative attitude of the population 
of most world nations that grew considerably after the 
Chernobyl disaster, but rather purely economic consid- 
erations, primarily the drastic rise in capital intensive- 
ness for construction of nuclear electric power plants, 
making them uneconomic in regions of high bank 
interest and not excessively expensive (from the stand- 
point of ecology) fossil fuel. In this context, the basic 
competitor of nuclear power is natural gas. 


Not so long ago, only a few specialists predicted that the 
increase in the fraction of gas in the world energy balance 
(from 10 percent in 1970 to 20 percent today) would 
continue into the twenty-first century as well (the pre- 
dominant opinion was that the fraction of gas would 
decline after the year 2000). Today, most specialists 
predict an increase in the fraction of gas in the world 
energy balance up until the year 2030, and even until the 
year 2050. 


Typically, at the latest world energy conference such 
forecasts were supported by a great many organizations 
regardless of their narrow professional interests. For 
example, a joint report presented by such diverse orga- 
nizations as the IAEA, OPEC, the International Institute 
for Systems Research, and the industrial department of 
the UN predicted an increase in the fraction of gas for 
the entire review period (up to the mid twenty-first 
century), reaching 28-30 percent by the year 2050 [4]. 
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Naturally, the question arises: why does today’s attitude 
toward gas on the part of most disinterested specialists 
differ sharply from their recent assessments? The reason 
may be that there has been a strong increase tn the 
proven recoverable reserves of natural gas: over the past 
ten years they have risen on average by 5 trilhon m° per 
year with annual consumption of only 2 trillion m’ 


There has been an even stronger increase in estimates of 
potential resources, although, of course, these estimates 
range widely even among specialists (from 350 to 620 
trillion m*). In this context, the resources of gas that is 
inexpensive and moderately expensive (at the pumping 
site; less than 100 dollars per 1000 m‘) amount to 
roughly 300 trillion m*. 


If, as anticipated, world consumption of gas reaches 4 
trillion m* per year by 2030, and 5 trillion m' per year by 
2050, the resources of moderately expensive gas will not 
be exhausted, especially considering that by then 
advances in technology will enable extraction of some of 
the resources that today are considered uneconomic 


All the foregoing pertains to conventional gas resources 
but at such a remote date as the year 2050, some 
unconventional resources may have become econom!- 
cally feasible: dense gas-containing rocks, methane dis 
solved in aqueous solutions of zones of extreme pres- 
sures, gas hydrate beds, and the like 


According to some estimates, the energy content of these 
unconventional gas deposits 1s roughly equal to that of 
all kinds of solid fuel; of course, it is to be expected that 
in the best case this will be expensive gas. However, there 
could hardly be a forced need for using it, and hence a 
strong rise in prices for natural gas, prior to the mid 
twenty-first century. 


At the same time, transportation of gas over long dis- 
tances, especially when it comes to sea transport of 
liquefied gas, is expensive, and it would be difficult to 
expect any appreciable reduction in cost. Under these 
conditions, the cost of gas for major consumers will 
depend strongly on their location relative to the pumping 
site, and hence for different regions the price of gas, and 
consequently its optimum fraction in the fuel-energy 
base will differ considerably. Another determining factor 
in the competitiveness of natural gas as compared with 
other sources of energy supply will be the presence in 
nearby regions of consumers of other kinds of inexpen 
sive and ecologically acceptable energy resources, and 
also the nature of the consumers themselves (large con- 
densing generating stations or TETs, small scattered 
consumers for which the cost of distribution systems ts 
high, and the like). 


Near gas-rich regions that are remote from markets, the 
price of gas will be determined to a greater extent by 
transportation expenses for export; for local consumers 
it will remain low. 


All this creates a very nonuniform pattern and makes 
general formulations unequal. Each region requires a 
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detailed examination of local conditions that may 
strongly influence the vector of the optimum strategy of 
development of power for the long run, and especially for 
the near future, when allowance must be made for the 
current status of both our infrastructure and our 
economy and lifestyle. 


And what is the current outlook for development of 
power in the RF and other CIS nations? 


It should be noted right off that we are talking about the 
relatively remote future after emergence from the eco- 
nomic crisis and conversion to a market economy closely 
tied to the world market. After all, everything that is now 
planned, or even being built will, for most of its existence 
(30-40 years or more), be operating under these conditions. 


Of course, for the short-term future we will have to come 
to terms with certain constraints; however, it is abso- 
lutely necessary to recognize that these limitations are 
only temporary: the power industry should develop in 
such a way as to make allowance for temporary problems 
while providing for the future possibility of reaching a 
strategy that is optimum in the long run as these 
constraints are relaxed. 


First of all, it must be noted that the CIS as a whole, and 
the RF in particular are exceptionally gas-rich. Both the 
explored reserves and the predicted resources of natural 
gas in the RF constitute 40 percent of the world reserves, 
and this with a population of about 2.5 percent of all 
people on the planet! In this context, about 75 percent of 
the explored reserves are concentrated in huge deposits, 
and 22 percent in large deposits, which creates excep- 
tionally favorable conditions for recovery and ensures 
very low expenditures on extraction itself for the very 
long run [5]. Of course, the conquest of reserves with 
more difficult natural conditions (Yamal, deep strata, ice 
shelf) will increase the cost of recovery, but this has little 
impact on the total cost of gas for basic consumers (the 
European section of the nation), as most of this cost, 
which pertains to long-range transport of gas, can only 
decrease as a result of engineering progress, primarily 
with respect to gas-pumping stations. 


Besides, with transition to the as yet little used deeper 
strata of the supergiant deposits of Western Siberia, we 
will be able to recover propane-butane and condensate 
along with gas; these are not only very valuable substi- 
tutes for petroleum in engine fuel production, but can be 
transported in liquid form as a mixture (so-called long 
distillate), which is much less expensive than transpor- 
tation of gas. Another large reserve for cost reduction 1s 
the high content (more than 3 percent) of ethane, a 
valuable raw material for the chemical industry, in '4 of 
the reserves. 


As a whole, it can be assumed that the self-sufficiency of 
the RF with respect to gas reserves is unique, and that for 
any foreseeable future gas is, and will remain, the least 
expensive and most efficient fuel in most regions of the 
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RF and CIS, even for new condensing generating sta- 
tions, where conversion to gas-steam turbine plants 
ensures a rise in efficiency from 38-40 percent for 
steam-turbine gas-fired generating units to the 54-57 
percent already achieved today in world practice [3] with 
a clear outlook for further growth of efficiency. In this 
context, it 1s significant that such generating units will be 
highly maneuverable, which is very important when 
incorporating them into the power systems of the Euro- 
pean part of the RF, Ukraine and Belarus, where the 
problem of coverage of daily and weekly irregularity of 
the electric load is acute. 


Gas-fired electric generating units are also ecologically 
very clean from the standpoint of pollution not only of 
the atmosphere, but of bodies of water as well. 


At electric power plants that operate on natural gas, no 
ash dumps are required, there is no toxic rinse water 
typical of oil-fired boilers, there is much less emission of 
steam into the atmosphere from cooling towers (steam- 
turbine plants of only 's power), there is no condensate 
cleaning, and the feedwater treatment arrangement is 
maximally simplified (drum boilers of roughly 6-9 MPa). 


However, the actual answer to the question about the 
extent to which new condensing generating stations 
should be built in the European part of the nation, in 
Ukraine, and in Western Siberia must be specially exam- 
ined in conjunction with the problem of optimizing 
centralized heat supply systems. 


The climatic conditions of the RF (long hard winters, 
predominance of compact apartment districts in housing 
construction and presence of large industrial consumers 
of heat) have brought about favorable conditions for 
generating electric power based on heat consumption. 
However, the heat supply arrangement that has 
evolved—the use of steam turbines with takeoff and 
condensation—has clearly reached a dead end. 
Sprawling, ecologically unclean steam turbine plants 
with uniflow boilers or SKD [not further identified] 
units have occupied large areas within city limits, and 
their cooling towers have been detrimental to the local 
condition of the atmosphere, especially near tall build- 
ings. The low maneuverability of high-parameter TETs 
has created big problems with regard to coverage of the 
irregular electric load schedule, and burning of sulfurous 
fuel oil together with gas at TETs has caused contami- 
nation of the atmosphere of cities and brought justified 
protests from citizens. 


This has brought the inception and flourishing of the 
concept of “maneuverable TETs” (a,;-;, = 0.35 instead 
of 0.5) that are sited 30-40 km outside of city limits. This 
has meant almost totally giving up all advantages of 
combined generation of electric power and heat, as it has 
strongly limited the power of the TETs per unit of heat 
consumption and nearly eliminated construction of low- 
power and medium-power TETs because of the inordi- 
nate increase in cost of transporting heat from TETs far 
away from the city. And this was at a time when there 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














JPRS-UST-94-018 
9 September 1994 


was a sharp upsurge of interest worldwide in combined 
electric and heat supply based on gas. In nations many 
times less self-sufficient with respect to both gas and 
centralized heat consumers, there has been extensive 
construction of medium-capacity and even low-capacity 
TETs. 


Such TETs are inexpensive (with respect to world prices), 
maneuverable, compact, and highly ecological. They are 
being built in various designs: steam-gas plants, often with 
condenserless steam turbines, and GTPs with waste-heat 
boilers [6]. This brings up the question of reliability of heat 
supply, but this can be solved by providing a backup gas line 
and emergency (often mobile) reserve of high-quality liquid 
fuel suitable even for GTPs, as well as a combustion 
chamber for the waste-heat boiler that is designed for gas, 
but can operate for short periods on fuel oil, which also 
ensures coverage of peak loads. In the season when central 
heating is not required (assuming no demand for industrial 
heat), the low nighttime demand for hot water can be 
covered by pumped-storage tanks (up to 95°C) with opera- 
tion of the GTP only during the day in the peak mode. It 
should be noted that in RF power systems, the absolute 
maximum of electric energy consumption is observed on the 
coldest days, when the capacity of GTPs increases notice- 
ably (by 20 percent or more), whereas the capacity of our 
steam-turbine TETs with full load of takeoffs is less than in 
summer. It is important to note that the poor maneuver- 
ability of Russian steam turbine plants forces them to 
operate during the hours of the nighttime lull, including in 
summer. As a result, 40 percen: of all electric energy is 
generated by TETs in the condensing mode, when the 
specific fuel consumption is considerably higher than for 
condensing generating stations. And even with full loading 
of takeoffs, there is a considerable loss due to inefficient 
operation of low-pressure cylinders with inevitable dumping 
of some steam to the condenser. 


All these disadvantages of the Russian system of heat 
supply considerably reduce the fuel savings that district 
heating is supposed to provide. As a result, an enormous 
system has been created (30 percent of the capacity of all 
fossil fuel electric power plants) that gives a clear savings of 
fuel over the entire RF of only about 25 million metric tons 
of reference fuel per year (even less when allowance is 
made for above-norm losses in house-heating networks). 


A point of considerable importance is that both the 
actual ecological situation in cities and the attitude of 
citizens restrict the possibilities of developing TETs 
mainly because sulfurous fuel oil is being burned in 
cities. 


Recently, most power engineers have acknowledged that 
gas must go primarily to cities, and the winter maximum 
of gas consumption must be covered by switching 
(entirely, if necessary) condensing generating stations 
situated in regions of low population density to fuel oil. 
However, just as before, some gas is being replaced by 
fuel oil in winter even in Moscow, while large condensing 
generating stations provided with gas from the same 
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lines continue to operate on gas. We must quickly change 
this wanton practice, perhaps in the near future by 
decree, and then, as in some nations, by imposing fines 
for burning sulfurous fuel oil in cities: higher for big 
cities and facilities, including boiler houses with low 
stacks, and lower for up-to-date TETs with tall stacks 
and in zones with low gas pollution 


Considering the high effectiveness of using gas in heat 
supply systems when utilizing 1t in any arrangements, 
but with mandatory first stage in the form of a GIP, it is 
very important to remove all limitations on the use of 
GTPs in systems of centralized heat supply as soon as 
possible. This will necessitate reexamination of sore 
construction specifications and regulations, and devel- 
opment of requirements for GTPs (with respect to noise 
level, toxicity, and so on) that are to be operated in cities. 
Unfortunately, many supervisory workers still do not 
believe that gas is the energy base of most regions of the 
RF, and will remain the basis of heat supply for a long 
time. This adamant refusal to turn away from traditions 
that are clearly losing force must be overcome in short 
order, with appropriate restructuring of planning orga- 
nizations. It is mandatory to bring about a situation (for 
now, perhaps, by decree, and later by using economic 
levers) in which the rejection of gas as a main and 
backup fuel (and in some cases an emergency fuel as 
well) when planning a heat supply facility that is in any 
way major would require special justification. For while 
electric consumption has now declined sharply, and 
according to forecasts will have returned to the 1990 
level no earlier than by the year 2000-2005, heat con- 
sumption continues to grow in conjunction with the 
continuation of housing construction, and in some cases 
new industrial heat-consumer industries as well. Argu- 
ments that mass production of stationary GIPs is not 
now being organized are rather lame: plans are being 
developed for the future, and in those few new sources of 
centralized heat supply that are going to be put into 
service prior to the advent of GTPs, it is always possible 
to start operation with delivery of gas directly to the 
combustion chamber of the boiler with subsequent con- 
version to waste-heat boiler operation. Of course, series 
production of GTPs for district heating should be orga- 
nized as quickly as possible, for tt is only by large-series 
production that low cost of gas turbines can be achieved. 
It is quite probable that the least expensive way to do this 
will be by defense conversion with organization of pro- 
duction in converted plants by power GTPs. However, if 
series production of GTPs for TETs is first arranged only 
on the basis of present proposals—use of engine models 
now in production (10-16-25-50 MW) in the aircraft and 
shipbuilding industries with minimum updating—even 
this will require major capital investments 


It therefore seems advisable to organize open competi- 
tion between defense plants and power machine building 
plants, and to allocate funds for defense conversion of 
just one plant: the one that wins the competition. Tech- 
nical specifications for the competition must be worked 
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out jointly for consumers, their design organizations, 
and the special design offices of defense enterprises. 


Under conditions of acute scarcity of investments, high 
effectiveness of GTP-TETs and relatively weak depen- 
dence of fuel economy on efficiency of the gas turbine 
proper, the main criteria for winning a competition 
should be service reliability when operating into an 
clectric power grid, and economic indicators: cost of the 
GTP in series production and amount of funding (sub- 
sidizing) before going into series (breakeven) production. 


Allowance must also be made for the necessity of 
attracting foreign partners, as we have no experience in 
work on developing and operating high-temperature 
stationary GTP generators, and foreign companies have 
a great deal of such experience. 


As already noted above, natural gas should primarily be 
set apart for heat supply, 1.e. wherever electric power 
plant toppings on any more or less major heat consumer 
(hot water and steam) are highly economic, even in 
districts where gas is inexpensive. In the RF, this means 
the Urals, the northern region of West Siberia, and any 
areas where there are today or will in future be zones of 
recovery of natural gas with transportation over great 
distances. Even if the closing expenditures for gas in such 
zones are Only 20-30 percent of the price of gas on the 
European market, GTP or steam-gas turbine toppings 
that operate for a significant fraction of the year on heat 
consumption, i.e. with additional fuel consumption of 
130-150 kg of reference fuel per metric ton per MWh, 
will be profitable even at high bank rates for capital 
investments. In regions where gas is more expensive 
(European part of the RF, Ukraine, Belarus), where 
closing expenditures for gas will be roughly 50-70 per- 
cent of the price on the European market, toppings will 
be profitable even when provisions are made for using 
the heat of exhaust gases for heat supply for only 
3000-4000 hours per year. Maximum levels will be 
considerably lowered if the energy system is acutely in 
need of peak power, since in this case modern GTPs, 
even operating without using the heat of exhaust gases 
(efficiency of 35-38 percent) may give lower fuel con- 
sumption than designs that use pumped-storage hydro- 
electric power plants for peak loads, and may be many 
times less expensive (with respect to capital invest- 
ments), especially in flatlands or where pumped-storage 
plants are far from centers of electric consumption. 


Of course, specific approaches will depend strongly on 
local conditions but, as shown by research done in 
1991-1992 by an interagency group of specialists under 
the auspices of the Russian Academy of Sciences’ Scien- 
tific-Technical Council on Thermophysics and Thermal 
Power Engineering, any heat supply system that has a 
maximum rated thermal load of more than 20 MW with 
heat consumption schedule typical of municipal TETs 
under the climatic conditions of Moscow will be profit- 
able for a GTP topping. For regions of the RF with more 
severe climate, these limiting values are even lower. For 
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production heat consumers with summer load of 50-60 
percent of the maximum rating, toppings may be effec- 
t've even for a maximum rated thermal load of 3.5-12 
MW. 


The scale of power toppings over heat consumers based on 
the aforementioned criteria leads to an enormous volume 
of highly economic generation of electric power based on 
heat consumption. This is clear from the example of the 
electric program of development of the Moscow region up 
to the year 2010 worked out by Mosenergo in 1991. 
According to this program, for complete self-balancing of 
the r-g on with respect to heat and electric power, provi- 
sions are made for constructing, in addition to the 
Northern TETs (maximum heat production from takeoff 
1160 MW) and two out-of-town TETs (maximum total 
heat output from takeoffs and peak boilers 2300 MW), also 
a large (3 million kW) State regional electric power plant, 
and 2 million kW on pumped-storage hydroelectric plants. 
However, at the same time provisions have been made for 
retaining existing regional heat supply stations with total 
power of more than 9000 MW and constructing new 
regional heat supply stations for almost the same power. 
Even if the operating regional heat supply stations are left 
untopped and construction is limited to building new 
GTP-TETs alone, instead of building new regional heat 
supply stations, this in itself would be sufficient for cov- 
ering the electric power expected from construction of 
both condensing electric stations and pumped-storage 
hydroelectric plants. 


On the whole, it seems incontestable that restructuring 
the system of centralized heat supply based on natural 
gas with maximum use of GTP-TETs is much more 
effective than existing general schemes of development 
of heat supply to cities of the European part of the RF 
and the Urals, and probably Ukraine and Belarus as well, 
that are unfortunately still being developed in planning 
organizations. 


Consideration should especially be given to the question of 
developing systems of energy supply in Central Siberia, 
where the unique Kansk-Achinsk Coal Fields stretch for 
almost 1000 km along the Trans-Siberian Railroad on the 
territory of the RF. The exceptionally low expense of 
extracting this coal makes it competitive with the very 
inexpensive (especially in the western part of the region) 
Tyumen gas as fuel for condensing generating stations. In 
this context, it should be taken into consideration that the 
unusually high ecological quality of this coal makes it 
possible to use conventional steam-turbine generating 
units on large condensing generating stations without 
expensive facilities for cleaning the SO, and NO, from 
exhaust gases. At this point in time, it is difficult to specify 
the distance to which it is feasible to transport this low- 
calorific coal while keeping it competitive with Tyumen 
gas. However, it seems effective to transport it at least 
1000 km to the west, to Novosibirsk; consideration should 
also be given to transportation to the east, to Ulan-Ude, or 
even to Chita. In the near future, this coal will be compet- 
itive in the region with shaft coal of Eastern Siberia (clearly 
much more expensive). 
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In future, a lot will depend on the effectiveness of 
explorations for gas in Irkutskaya Oblast and Yakutiya, 
although gas of the Republic of Yakutiya-Sakha will be 
rather expensive in regions of consumption. 


The situation ia the Far East 1s very complicated at this 
time. There is almost no extraction of either petroleum 
or gas, and local coal is expensive and ecologically low in 
quality. As a result, 20 million metric tons of Tyumen 
petroleum and oil products are hauled into the region 
every year over 3000-4000 km of railroad (!). At the same 
time, in Yakutiya and on the Sakhalin Shelf there are 
considerable explored reserves of gas, and estimates of 
the potential resources of both oil and gas are very high. 
The latter is especially significant as in this part of the 
Pacific Basin there are no gas deposits, and its con- 
sumers (Japan, South Korea, Taiwan) are getting 
methane in liquefied form, leading to considerable 
expenditures for building and operating gas liquefying 
plants and refrigerated tankers. As a result, the price for 
gas on the Far Eastern market is considerably higher (by 
a factor of 1.5-2.0) than in Western Europe [3]. Under 
these conditions, export deliveries of far eastern gas, if 
sent through large-diameter pipes, are exceptionally 
profitable. The main deposits of the Sakhalin Shelf are 
located only 700 km from Hokkaido, and less than 2900 
km from Tokyo, 1.e. half as far as from Tyumen to 
nations of Western Europe, the conditions of pipe laying 
being much easier than from Yamal. 


Proposals for exporting Sakhalin gas were made by the 
author at an international symposium in Seoul back in 
1987, and the idea was met with considerable interest, 
especially by representatives of South Korea, China and 
Japan. It has now been six years since then, and many 
studies have showr the exceptional effectiveness of 
Sakhalin oil both for meeting the needs of the far eastern 
region and for export. Foreign companies are showing a 
great deal of interest, especially considering that this 
involves major gas-condensate deposits, and the invest- 
ments of companies could be covered from the very 
outset by readily transportable condensate. However, 
realization of the project is dragging out inadmissibly, 
even the existing Okha-Komsomolsk-na-Amure gas line 
is not loaded, and the Far Eastern region is “suffocating” 
without gas. 


Construction must be started as quickly as possible for 
expeditious gas production. To do this, it is desirable to 
attract companies that have experience in working with 
iceproof platforms; we have no such experience, and 
mastering them will take valuable time. 


Mention was made above about the tremendous pros- 
pects for saving gas by mass construction of GTPs, but 
several years will be needed to start getting a return from 
these projects. Another major source of increasing the 
effectiveness of gas utilization can be realized much 
more quickly and with lower initial capital investments: 
introducing automation into centralized heating sys- 
tems. At the moment, centralized heating is generally 
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regulated by changing the water temperature in the 
network. In doing this, it must be held on a level 
sufficient for the “worst” of the consumers connected to 
the network. All other consumers, especially in the spring 
and autumn seasons, are overheated, and the only 
method of temperature adjustment in individual rooms 
is to open transoms. This has a particularly strong effect 
on recently popular high-rise apartment buildings with 
large windage, in which there is a sharp mismatch of 
temperatures on the windward and leeward sides. An 
effective system for such buildings is a very inexpensive 
system for facade regulation. Experience shows that in 
some cities it is possible to save as much as 20 percent in 
heat, dramatically improve comfort and reduce the 
number of cases of common cold by installing two very 
simple automatic devices (adjustable elevators) and one 
heat meter on a large apartment building (100-200 units 
or more). In this context, it is important that the possi- 
bility is opened up for a transition from “normative” 
payment (for | m? of heated area) to payment for the 
actually expended heat, which will be a real incentive for 
consumers to save heat. 


Another great source of heat savings is a system for 
automatically turning off heating for the night (after 
work is finished) in large buildings used for one shift. 


Later on, of course, especially in new construction, more 
advanced systems should be used for automating central 
heating, but as a first step, large-scale introduction of 
facade regulation should be started as quickly as pos- 
sible; on large buildings, it will pay for itself in less than 
one heating season. The relatively simple equipment 1s 
being developed and produced at the moment in small 
quantities because of a lack of demand. We should make 
haste to bring about conditions that will create an 
incentive for consumers to introduce such systems in 
existing public buildings and residences, and include a 
clause in construction specifications and regulations that 
mandates automation of central heating in new construc- 
tion. Such steps are already being started: among other 
things, Moscow city government has decided to auto- 
mate 3 percent of all existing buildings each year; similar 
measures are going to be introduced in St. Petersburg as 
well. We should immediately expand the program of 
wide-scale introduction of heating automation tn all 
cities of the RF, which in the next 2-3 years could 
realistically save 10-15 million metric tons of reference 
fuel per year with minimum expenditures and savings of 
energy carriers (primarily heat) for consumers. 


In summing up, we can state that there has to be a radical 
change of attitude toward Russia’s main energy legacy, 
natural gas, throughout the entire chain: from increasing 
its recovery to improving effectiveness of converting it to 
final forms of energy. 
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The Riches We Burn: the First Comprehensive 
Map of Fuel and Energy Resources of Russia as a 
Tool for Underground Resource Exploration and 
Development 
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{Article by Arkadiy Sosnov: “The Riches We Burn: the 
First Comprehensive Map of Fuel and Energy Resources 
of Russia as a Tool for Underground Resource Exploration 
and Development”’} 


[Text] 


Imagine a large multicolor sheet depicting the entire fuel 
and energy potential of Russia and its contiguous nations 
(the republics of the former USSR). On a scale of | 
cm:50 km the map shows the following: 


* oil and gas provinces and water bodies, with the 
hydrocarbon density represented by a certain shade of 
color; 

¢ the main oil and gas fields; 

* provinces and regions of bitumen deposits; 

¢ coal-bearing areas, also with a classification of 
reserves; 

¢ large, medium and small coal deposits with indication 
of the chemical composition and reserves; 

* the deposits of oil shale; 

* peat area boundaries; 

¢ hot springs basins and basic pertinent data. 


The map also indicates areas of combined occurrence of 
oil, gas, coal and oil shale. It includes inserts showing the 
locations of nuclear and thermal power plants, power 
transmission lines, oil and gas pipelines and main struc- 
tural tectonic elements. 
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This detailed picture has been drawn by scientists affiliated 
with A. P. Karpinskiy All-Russian Geological Institute 
(VSEGE]), with participation of experts from other research 
centers. The map shows forecasts of oil and gas prospects of 
territories and the estimates of potential fuel reserves. 


This is especially important in view of the fact that 
geological exploration effort has been recently reduced, 
primarily because of a shortage of funds. During the 
1990s, virtually no new deposits were discovered in 
Russia. For the first time in the history of the Russian 
geological service, resources are “consumed” without 
being replenished by new prospecting and exploration. 


Confirming that the underground resources of Russia are 
extremely rich, although unevenly distributed, the map 
offers an idea as to how they can be managed in a most 
efficient way. For instance, the Ural and the central 
Siber:a, the Far East and the Trans-Baikal region have no 
oil and gas, but are rich in coal. The coal seams contain 
associated methane gas. Specifically, in the Kuznetsk 
basin gas reserves amount to 14 trillion cubic meters, 
while the current demand is just 30 billion cubic meters 
per year. “By drilling into the working seam to a depth of 
at most 1.8 km, we can use modern US technology to 
extract up to 60 percent of environmentally clean gas. 
Unfortunately, despite the environmental pollution in 
the Kuznetsk basin area, this source of fuel remains 
virtually untapped,” says Victor Bogomazov, a depart- 
ment head at VSEGEI. 


Another suggestion offered by geologists is to develop the 
promising areas adjacent to marine shelves, which are 
now seen as highly attractive by many developers. 


It is a fact of nature that coal with associated gas, as well 
as oil and gas created during different epochs, are found 
in these areas, though in different geological sections. 
These superpositions are clearly illustrated by the new 
map. One sees the red color where the Timan-Pechora 
oil-gas provinces gives way to the Barents Sea shelf. In 
the continental part, it coincides with the Pechora basin, 
colored green and purple, indicating coal and oil shale. A 
similar situation is observed in the northern West 
Siberia. Deposits of heavy high-sulfur oil in the Caspian 
oil-and-gas province make up a common system with 
coal and oil shale fields. Regrettably, it has become a 
tradition in Russian mining practice that developers 
“skim off the fat” and then leave the area. A true 
economic effectiveness can only be achieved by inte- 
grated study and development of such territories. 


Vladimir Terentyev, VSEGEI deputy director, believes 
that this map will make it possible to reassess the 
potential of certain regions. The institute is now studying 
so-called sedimentary basins, including coal-bearing dis- 
tricts. Once we understand the formation specifics of 
giant deposits, such as the Kuznetsk basin, it will be 
possible to concentrate development efforts on those 
areas that offer the best prospects. This applies, in 
particular, to the Tungusska coal basin, which has 
gigantic, though spatially separated, reserves. 
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Scientists recommend this map to representatives of the 
Russian Federation’s constituent entities which have 
applied for fuel reserve allocations from the central gov- 
ernment. The map will help representatives of local gov- 
ernment administrations to understand the potential of 
their respective areas and provide a basic document for 
planning exploration and mining. At the moment, depart- 
mental and local interests dominate in underground 
resource development, and there is no cooperation with 
neighboring—despite the fact that outlines of mineral 
deposits do not coincide with political boundaries. 


This reliable information is essential not only for prac- 
tical applications, but also for formulation of new scien- 
tific hypotheses. For instance, it will help determine how 
combinations of certain resources affect regional geology 
and, thereby, its reserves of mineral raw materials. 


A comprehensive description of a deposit makes it easier 
to estimate how much its development will cost. The 
institute is currently working on a map of cost estimates 
of underground resources. 
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Experimental Evaluation of Dependence of 
Fragmentation of Viscoelastic Fluid Column 
Ejected From Circular Channel by Compressed 
Gas on Various Parameters 
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{Article by A.A. Avdiyenko; UDC 532.535] 


[Abstract] An experimental study of fragmentation of a 
viscoelastic fluid column upon its ejection from a 
channel by a compressed gas was made concerning the 
dependence of this process on various influencing 
parameters, an earlier theoretical study of this process by 
F.M. Sultanov and A.A. Yarin (PRIKLADNAYA 
MEKHANIKA I TEKHNICHESKAYA FIZIKA, No 5, 
1991) having established its dependence on essentially 
four parameters: diameter D and length L of channel, 
maximum allowable internal shear stress t(0), and gas 
excess pressure over ambient pressure Ap. This set of 
four parameters alone determines the fragmentation 
process when the viscoelastic fluid is homogeneous, in 
which case the properties of the ejecting gas are not 
relevant. When the ejected viscoelastic fluid is heteroge- 
neous, however, the fragmentation depends also on other 
parameters such as the weight fraction I of the conden- 
sate phase and the powder admixture in the column. In 
the 4-factor 3-level planned experiment with a homoge- 
neous viscoelastic fluid the average values and the vari- 
ation ranges of the parameters were: D= 1.3 (1.0-1.6) cm, 
L= 28 (0.20-0.36) cm, 1(0)= 0.9 (0.5-1.3) kPa, Ap= 0.75 
(0.5-1.0) MPa. The number of tests was minimized by 
extraction of a 2*'= 8 half replica from the full 24 
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factorial scheme. A statistical analysis has yielded a 
regression model of average droplet size (““bareness’’) y= 
9 36 - 0.89D* -0.91L* - 0.701(0)* + 1.01Ap* (asterisk 
denotes relative values and thus a dimensionless equa- 
tion), a Student’s t-test having verified that all regression 
coefficients are significant. The results of this experi- 
ment indicate that efficiency of fragmentation of a 
homogeneous viscoelastic fluid is determined by the 
ratio of the column’s “elastic’’ energy to the gas jet’s 
“ejecting” energy. In the 5-factor 3-level planned exper- 
iment with a heterogeneous viscoelastic fluid the average 
values and the variation ranges of the parameters were: 
L= 15 (10-20) cm, D= 0.4 (0.2-0.6) cm, I = 0.6 (0.5-0.7), 
1(O)= 1.2 (1.0-1.4) kPa, Ap= 3.0 (2.5-3.5) MPa. The 
number of tests was again minimized, by extraction of a 
2°>-= 8 quarter replica from the full 2° factorial scheme. 
Tue analogous linear regression equation y = 21.1 - 
3.91D* - 2.05L* - 1.321(0)* + 2.3311" + O.S4Ap* is 
adequate with an S= 0.035 dispersion and all its coeffi- 
cients are significant at the 0.95 confidence level, as has 
been verified by a Fisher's test. The results of this 
experiment indicate that increasing the weight fraction 
of added powder will decrease the average droplet size, 
the condensate phase having lowered the elastic limit. 
Tables 2; references 2. 


Contemporary Technology of Stabilization of 
Railroad Track to Guarantee High-speed Travel 
947F0137 Moscow AVIOMATIZATSIYA 1 
SOVREMENNYE TEKHNOLOGII in Russian No 4, 
1994 pp 23-25 


[Article by V. V. Minyayev, A . M. Zubkov, G. F. 
Kashnikov et al.; UDC 625.144.5/7 (Signed to press 30 
Mar 1994)] 


[Abstract] A more productive and more effective method 
of railroad track stabilization has been proposed and 1s 
being improved by Soviet specialists. A dynamic track 
stabilizer was developed. It provides for accelerated and 
controlled track stabilization without disturbing the lon- 
gitudinal profile, level and plan of the track. Tests of a 
simulated sample of the stabilizer conducted in 1990 
confirmed its efficiency. These tests showed a need for a 
more detailed study of processes ocurring during opera- 
tion of the stabilizer, their theoretical substantiation, 
refinement of many parameters and development of 
design methods. Problems concerning automation 
received special attention. Use of the stabilizer provides 
smooth and stabilized track with only insignificant devi- 
ation from the orginal geometry, which, depending upon 
the degree of ballast packing, should be no less tha 60 
percent of complete track stabilization under train taffic. 
This saves labor costs on track maintenance during 
routine repairs, eliminates warnings about speed limits 
of trains and increases safety, carrying capacity and 
transport capacity. Figures 2; references 7: 5 Russian; 2 
Western. 
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Technological Methods of Increasing Life of 
Mining Machinery 

947F01364 Moscow AVIOMATIZATSIYA 1 
SOVREMENNYYE TEKHNOLOGII in Russian No. 3, 
Var. 1994 pp. 11-14 


[Article by B.l. Kogan; UDC 622.33;002.51/52] 


[Abstract] The life of mining machinery is largely dic- 
tated by the intensity of the wear of its components. The 
main types of wear are as follows: mechanical (abrasive, 
fatigue, wear resulting from dispersion and cavitation- 
erosion effects); molecular-mechanical (as a result of the 
seizing of metals); and corrosive-mechanical (oxidation 
and corrosion). Several technological methods are cur- 
rently being used to reduce these types of wear and 
thereby increase the life of mining machinery. One 
process for increasing the physicomechanical properties 
of the hard alloy and bodies of drill bits is that of bulk 
vibration machining on vibrating machines with hard 
alloy filler-spheres (up to 70 percent) with an amplitude 
of 2-3.3 mm at a vibration frequency of 1,440 vibrations/ 
min for 60 minutes and with a 5 percent calcined soda 
solution used as the washing fluid. Repeated vibration 
hardening of drill bits has been shown to increase their 
durability by a factor of 1.5-2. At the Superhard Mate- 
rials Institute of the Ukrainian Academy of Sciences, 
exploratory studies are being conducted to find ways of 
increasing the strength of the hard alloy cutting elements 
of drill bits by creating pins and plates with differenti- 
ated physicomechanical properties throughout their 
bulk. The State Scientific Research Institute of Mining 
and Chemical Raw Materials is conducting research on 
cryogenic (in liquid nitrogen) hardening of metal cutting 
tools used in mining. Strength increases of 260 percent 
have been achieved in specimens of the alloy VK8 
subjected to cryogenic hardening. At the VNIIPTIM, a 
process has been developed for manufacturing disk 
milling cutters by centrifugal casting from the steels 
SSKh6V3SMEF and 6KhM2FS and then heat-treating 
and hardening them to HRC 58-60. The same institute 
has assimilated a process of plasma-arc finish hardening 
of cutting tools and equipment fittings that involves the 
application of thin-film silicon- and carbon-containing 
wear-resistant coatings and accompanying surface hard- 
ening of the base The new process is superior to plasma 
ion spraying on a Bulat unit and laser and electron beam 
hardening in that it does not require the use of vacuum 
or other chambers and baths, its low heat (100-150°C) 
does not deform the components being treated, and it 
can be used to harden tool steels with a low tempering 
point. Another new process that has been developed and 
introduced into use 1s that of magnetoelectric hardening 
of 50-mm-diameter drill pipe couplings and unions. 
Tests have shown that FB-1! ferroboron-hardened unions 
and couplings are respectively 1.5 and 1.6 times stronger 
than their series-produced counterparts. Magnetoelectric 
hardening results in coatings that are harder and more 
durable than those produced by electroplating and 1s 
most effective when used with thin-walled, long compo- 
nents. Modern resource-saving processes of applying 
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wear-resistant coatings generally require expensive spe- 
cial plasma spraying units; however, technological 
studies have indicated that it would be technically pos- 
sible and economically feasible to create a new class of 
universal plasma equipment that could be used to pro- 
duce coatings at atmospheric pressure. The UPNS-304 
unit has, for example, been used as the basis for creating 
a flexible manufacturing module designed not only for 
plasma welding but also for plasma powder surfacing, 
spraying, finish surface hardening, and surface plasma 
hardening. The module may be interfaced with indus- 
trial robots and manipulators, as well as with numerical 
control machine tools. Another important area of R&D 
is that of extending the life of coal pumps by coating 
them with quick-drying alloy-forming paints. In addi- 
tion, the VNIIPTIM has developed the new alloy 
IChKh20R, which unlike existing wear-resistant cast 
irons, does not require the use of expensive alloy- 
forming elements and which results in shotblast barrel 
blades that are 10 times harder than those made of type 
45 or G13L steel. Other Russian factories are working on 
increasing the life of mining machinery and components 
by induction hardening, differentiated hardening of 
individual sections of pipe unions via a combined hard- 
ening method, and electroerosion running in. Other 
promising research directions include the creation of 
hard alloy components with damping interlayerings (at 
the Strength Physics and Materials Science Institute of 
the Siberian Department of the Russian Academy of 
Sciences), coating components with cobalt (at the Insti- 
tute of Superhard Materials), and creation of cluster 
coatings and drill bits with solderless fixing of hard alloy 
inserts in bodies. Figure |; references 5 (Russian). 


Current Status of Industrial Science in Russian 
Machine Building 


947F0131A Moscow VESTNIK MASHINOSTROYENIYA 
in Russian No 4 (signed to press 11 Apr 1994) pp 6-9 


[Article by V. I. Sinko, doctor of technical sciences, 
Central Economic Research Institute, and A. A. Korty- 
enko, candidate of technical sciences, Moscow State 
Technical University “Stankin’’] 


[Excerpts] To evaluate the current status of applied 
research in Russian machine building, the Central Eco- 
nomic Research Institute under orders of the Ministry of 
Economics in 1993 gathered, generalized and analyzed 
data on the indices of development of scientific research 
in civilian machine building industries. Eminent special- 
ists in these fields and from the RF State Committee on 
Statistics were enlisted in the work. In the course of the 
work, an analysis was made of the dynamics of basic 
indices of development of industrial science in 1985- 
1992, and problems and trends of applied research and 
development were ascertained. Given below are the 
principal results of this work. 


The major part of the scientific-technical potential of the 
former USSR 1s concentrated in Russia; however, some 
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crucial areas of research and development are being 
covered by science organizations of the CIS and Baltic 
states. For example, in the electrical engineering 
industry, science centers for transformer construction, 
converter equipment, and small electric appliances are 
located in Ukraine and Lithuania, and in this coinection 
scientific development was done in Russia for producing 
high-voltage transmission lines, electrothermic equip- 
ment series, series of AC and DC electric machines, 
electrical systems of municipal and roadway transport, 
current sources, and so on. 


Thus, a critical problem of industrial science in the 
machine building sector of the Russian Federation is to 
maintain contacts in science and industry with the CIS 
and Baltic States, and to respecialize some existing 
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scientific institutions for developments not now under 
way in Russia. This will eliminate the negative phe- 
nomena that have evolved up to this point in industrial 
science of machine building. 


Major indicators of the development of applied research 
in civilian sectors of Russian machine building have 
shown a considerable drop in recent years (Table 1). The 
main reasons for the reduction in numbers of science 
workers in machine building are reduced funding (allo- 
cations) for research, and the ever increasing lag in 
salaries paid to workers in this sphere behind those of 
production specialists. For example, according to data of 
the RF State Committee on Statistics, this lag was | 2 
percent in 1990, and had doubled by 1992. 





















































Table 1 
Indicator Years 
1985 1990 | 1991 1992 

Number of specialists doing research and development in 124.8 119.9 95.6 19.8 
science Organizations, thous. 
Average age of science workers, years 41 48 49 $0 

———— we _————--— ——-—- 4 --—--~- “ 
Amount allocated for scientific-technical work, millions of 1881.8 2259.7 2042.4 1631.9 
rubles** | 
ae ee —— —— ————EEE — 
Capital investments for developing scientific-technical bases, 284 350 273 256 
millions of rubles* 
—_—— —_—_—_— + 
Expenditures for information support, millions of rubles* 27.1 29.1 | 28.0 21.1 
Number of workers employed in information support, thous. 8.0 6.4 | 5.4 | 44 

————— ee - - 





*In 1991 prices 





**Without allowing for capital invesments 








For example, in the machine tool and cutting tool 
industry in the first quarter of 1992, the average monthly 
income for workers in this sector was 1996 rubles, and in 
the research and development sphere was about 1500 
rubles (lag by a factor of 1.3), in June of 1992, the income 
of workers in the sector had reached 4700 rubles, while 
in the research and development sphere it was about 
2000 rubles (lag by a factor of 2.3). By late 1992, the 
average monthly income in the research and develop- 
ment sphere was 3000-4000 rubles, lagging behind the 
average pay in the sector by a factor of 3. In the electrical 
engineering industry as of mid 1992, the average salary 
in the research and development sphere was | 500 rubles, 
and by late 1992 was 2500-3000 rubles (a lag behind the 
average income in the sector by a factor of 3). In the 
motor vehicle industry in 1992, the average salary of 
workers in sector-wide research and development orga- 
nizations was 3500 rubles, and lagged behind the pay of 
those employed in industrial enterprises by a factor of 
1.6. This trend is still continuing. 


This lamentable predicament with regard to payment for 
the work of specialists employed in the science sector of 
Russian machine building industries shows that an unfa- 
vorable situation has evolved in industrial science that is 
the basic reason for the exodus of specialists from this 


field to other organizations, and chiefly to commercial 
structures. In this context, it is to be noted that the 
sphere of industrial machine building science has been 
abandoned by skilled personnel with a lot of experience 
in practical science. During this time period, fewer 
young specialists have been taken into science organiza- 
tions, resulting in “aging” of industrial science (the 
average age of specialists in 1990 was 40 [sic], in 1991 
was 49, and in 1992 was 50). The trend noted in 
reduction of the numbers of science workers pertains to 
the number of specialists doing research and develop- 
ment as well, since they are in the category of science 
workers. 


Allocations for scientific-technica! work fell from 2259.7 
million rubles in 1990 to 1631.9 million in 1992 (in 1991 
prices). The reason is that in 1991-1992 there was 
significant curtailment of funding on the part of enter- 
prises, and budgetary funding almost stopped. It should 
also be noted that there were considerable difficulties in 
setting up an extra budgetary fund for research and 
development in 1992 because of the decline in produc- 
tion and the lack of necessary means, precluding enter- 
prises from making deductions to the extra budgetary 
fund. For these reasons, nearly finished work was 
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stopped in some organizations and experimental produc- 
tion facilities, especially in chemical and petroleum 
machine building, on setting up integrated process lines 
for the Tengizskiy deposit, and on developing new pipes 
and drills. 


Undoubtedly, the main source of funding for industrial 
science is provided by business agreements with enter- 
prises in each machine building industry. However, 
these orders are goals, and cannot serve as the basis for 
creating a scientific-technical reserve and developing the 
scientific potential of industrial science; and govern- 
mental expenditures on research and development (as a 
rule, centralized funding of global research and develop- 
ment areas) have been considerably reduced. 


It should be noted in this context that scientific-technical 
potential is a significant component of economic poten- 
tial, and therefore in industrialized nations appreciable 
funds are allocated for supporting it. 


There has also been considerable deterioration of infor- 
mation support of industrial science both because of 
reduced funding, and because of a decline in the number 
employed in this sphere of endeavor. This is due prima- 
rily to the increased cost of subscribing to science pub- 
lications, including foreign literature, references, cata- 
logs and the like. Considering the strained financial 
status, research and planning organizations have been 
forced to reduce orders for information services. Orga- 
nizing symposiums and conferences on a commercial 
basis has reduced attendance because science institu- 
tions lack money. The absence of required information is 
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an impediment to the work of science centers for devel- 
oping scientific and technological policy in machine 
building industries, and slows down marketing research 
by machine building enterprises. 


Analysis of the level of hardware support in science 
institutions shows that much of the equipment is obso- 
lescent and worn out. For example, at the Institute of 
Chemical and Petroleum Machine Building, only 35.2 
percent of the technological equipment of laboratories 
has been in service for less than 10 years, 46.5 percent 
has been used for 10-20 years, and 18.1 percent for more 
than 20 years. A similar situation can be seen with 
respect to the machine tools in the experimental shop of 
this institute: 25 percent of the machine tools have been 
in use for less than 10 years, 64 percent for 10-20 years, 
and |! percent for more than 20 years. Things are about 
the same in the institutes of other machine building 
industries as well. Thus, there is a lack of accord between 
the level that has been reached in new engineering and 
the technical level of process and laboratory equipment 
being used as the basis for development of this new 
engineering. Elimination of this discrepancy will require 
retooling of the experimental testing base, which neces- 
sitates additional capital investments. 


The curtailment of hardware and personnel support for 
applied science has also had an impact on the production 
of new kinds of goods, as shown by the data of Table 2, 
from which we see that there has been a slowdown both 
in finalizing the production of new kinds of goods, and in 
taking obsolescent goods out of production. At the same 
time, there has been some decline in the average 
duration of development of experimental models. 





























Table 2 

Indicator a Years 

1985 1990 1991 1992 
Number of new kinds of goods for which production has been 1904 1536 1196 1056 
finalized and started 
Production output finalized, percent 8.5 9.2 8.5 8.6 
Average duration of dev elopment of experimental models, years 5.3 3.9 3.6 3.6 
Inventions used, thous oO 6.4 6.9 6.5 5.8 
Number of obsolescent kinds of goods taken out of production 1411 1275 873 792 

















Analysis of the status of applied research and science 
resources done in machine building industries of the 
Russian Federation in 1985-1992 has revealed some sig- 
nificant problems whose solution will necessitate a definite 
goal-directed policy on engineering and innovation. 
Principal areas of research might be: 


1. Attainment of a high degree of flexibility in the use of 
equipment by speeding up rearrangement under con- 
ditions of multiple-item one-of-a-kind and_ short- 
series production (complexes, flexible modules and 
systems). 


2. Creating multifunctional equipment. 


3. Raising equipment productivity by improving kine- 
matics and increasing speed of end working parts, and 
also providing equipment with means of automation 
aid monitoring. 


4. Raising the level of standardization and creating widely 
versatile series of equipment, including on the basis of a 
modular principle of design that provides for flexible 
reconfiguration of machines and complexes in accor- 
dance with manufacturing requirements. 


5. Creating fundamentally new kinds of equipment for 
making items with prescribed characteristics, and 
implementing other methods and effects of directed 
transformation of physical properties of materials to 
be machined. 
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6. Wide-scale introduction of base technologies that 
ensure quality of goods and ecological safety, and also 
development and evolution of fundamentally new 
technologies directed at improving the export poten- 
tial of Russia with respect to individual kinds of 
high-tech goods. 


Development of new forms of organizing research and 
development that operate effectively under market con- 
ditions is a prolonged process that could scarcely be 
completed within the next 3-5 years. At the same time, 
decisions made at this stage of privatization of specific 
science organizations will to a great extent determine the 
further evolution of forms of organizing research and 
development. These decisions must have in mind not 
only the ties between science and production that have 
evolved up to now, but also the future evolution of new 
forms of integrating science and production, as well as 
the desirability of further demonopolizing research and 
development. 


Principles of Design of Electric Trains with Magnetic 
Suspension and Linear Traction Electric Drives 


947F01434 Rostov-on-Don OSNOVY 
PROYEKTIROVANIYA ELEKTROPODVIZHNOGO 
SOSTAVA S MAGNITNYM PODVESOM I LINEYNYM 
TYAGOVYM ELEKTROPRIVODOM in Russian 1992 
[Signed to press 11 DEC 92] pp 1-2, 10-13, 425-431 


[Annotation, foreword and table of contents from the 
book “Principles of Design of Electric Trains with Mag- 
netic Suspension and Linear Traction Electric Drives,” 
Part |, by Vasiliy Ivanovich Bocharov, Yuriy Alek- 
seyevich Bakhvalov and Ivan Ivanovich Talya, edited by 
V.I. Bocharov; published by Izdatelstvo Rostovskogo 
Universiteta, Rostov-on-Don; 1000 copies, 431 pages; 
UDC 629.439] 


[Text] 


Annotation 


The first part of the monograph describes the premises, 
specifics and principles of the methods and procedures 
for design and construction of electric trains with mag- 
netic suspension, the active track structures for them, the 
mechanical systems and vehicle components. Engi- 
neering for reliable movement and dynamic properties 
and passenger comfort is discussed. 


The book is intended for scientists and engineers involved 
in D&D in the industry and transport and for graduate 
students and teachers of specialized engineering colleges in 
this field. 


Foreword 


Scientists in many countries working on the development 
of magnetically suspended surface transport (MSST) are 
using the results of basic energy conversion and materials 
science research, especially the properties of insulating, 
semiconductor and superconducting materials and the 
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capabilities of semiconductor, cryogenic and micropro- 
cessor technology, to solve problems involved in this field 
of engineering. Applications of new data in the industry 
have led to major improvements in existing types of 
transportation technology as well as creation of essentially 
new types of transportation systems. 


Railroads are the most conservative form of existing 
surface transportation systems. The technological 
progress in rail transport has been limited to moderniza- 
tion, which has been going on for decades and involved 
a gradual replacement of steam locomotives by diesel 
engines, and then diesel locomotives by electric ones. 
Electrification of rail transport in Russia is far from 
completion. Experience shows that, with the present 
condition of rail tracks, the capacity of electrified sec- 
tions can be increased when electric locomotives with 
their superior traction and other performance character- 
istics replace diesel locomotives. On the other hand, an 
improvement of electric locomotive performance in 
these conditions does not bring about any further rise in 
productivity. For instance, the average weighted power 
of a freight electric locomotive in Russia since 1965 has 
grown by 33.4, but the average daily productivity of the 
fleet in the meantime grew by just 4.1. Russian freight 
trains are typically extremely heavy (approximately 
6,000 metric tons), long and moving at a slow rate of 
speed. As a result, it 1s virtually impossible to use the 
same tracks for freight transportation and high-speed 
intercity passenger transit. 


Suburban and urban transportation systems are in an 
even worse shape. Generally, surface transport, with its 
low comfort level, slow speeds, environmental pollution, 
high fuel consumption and high accident rate is no 
longer coping with its assigned objectives. This 1s 
observed not just in CIS countries, but in other parts of 
the world as well, including nations with well developed 
and organized surface transportation systems. The situ- 
ation will be further exacerbated 1n the early 21st cen- 
tury, when the world population will grow by a quarter 
over the present number and half the mankind will live 
in cities. 


Considering all these facts and the extremely important 
role of transportation in the life and development of 
society, scientists and engineers in several countries are 
working hard to create a promising new form of trans- 
portation. Many agree that MSST with linear traction 
electric drives (LTED), capable of speeds up to 500-660 
km/hr, is such a new form. Active effort in this field has 
been under way abroad since the 1960s, and since the 
mid-1970, in Russia. The results of this work are pre- 
sented in an extensive list of information materials, 
including R&D reports, author certificates and disserta- 
tions, as well as monographs [1-13] and collections of 
papers [14-31]. Most of these materials have been pre- 
sented and discussed at national and international con- 
ferences and symposia [32-39] devoted to MSST. (A 
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bibliography is published in part 2 of this book, ‘Prin- 
ciples of Design of Electric Trains with Magnetic Sus- 
pension and Linear Traction Electric Drives,” Izdatel- 
stvo Rostovskogo Universiteta, Rostov-on-Don, 1992.) 


Design and development of surface vehicles with mag- 
netic suspension in Russia was conducted under two 
programs. The first program called for creation of high- 
speed surface transportation (HSST) for intercity transit 
with speeds 400-500 km/hr. The program was headed by 
the All-Union Scientific Research, Design, Development 
and Technological Institute of Electric Locomotives 
(VELNII). The project yielded a technical proposal 
describing an electric mobile train (EMT), a track 
system, structures and lab equipment for a 30-km test 
range [1-27, 32-34]. The second program was conducted 
by the All-Union Scientific Research, Design and Devel- 
opment Institute of Pipeline Hydraulic Transport (VNI- 
IPigidrotruboprovod) to create, in Alma-Ata, an 
intracity high-speed passenger transit system (HSPT) for 
speeds of 60-90 km/hr. It involved creation of an exper- 
imental facility, which implemented the results of theo- 
retical research in the form of design projects and 
construction of a lab base, with experimental vehicles 
and track systems [1-9, 2, 14-22, 25-36]. In 1985, the two 
programs were merged, and the .v-worker teams focused 
their effort on a plan for a 60-km-long suburban trans- 
portation sysiem with electromagnetic suspension 
(TSEM) on Yerevan-Abovyan-Sevan segment, with 
speeds 120 km/hr. Simultaneously, the groups analyzed 
feasibility of creating HSST, city-airport and intracity 
transportation systems, including subways. 


More and more countries now have MSST programs. 
While in the mid-1970s the work was conducted mainly 
in West Germany and Japan, as well as in the USSR, US, 
and Canada, by the 1990s the effort was joined by 
France, Spain, West Berlin, Taiwan, Mexico, Brazil, 
Venezuela, India, Romania, Switzerland, South Korea, 
Saudi Arabia and Australia. Outside Russia, major suc- 
cesses have been scored in MSST, specifically HSST, and 
projects are nearing completion on a large scale: more 
than 25 modifications of experimental vehicles have 
been built and some 15 test range with levitating EPS 
have logged hundreds of thousands of kilometers, 
including commercial operation (England and West 
Berlin) that carried over 1.5 million passengers, with 
speeds over 500 km/hr, and good and reliable perfor- 
mance [1-3, 13, 24, 28, 36-39]. MSST development 
effort covers all practical application spheres. 


For instance, a system with electromagnetic suspension 
(EMS), Transrapid, has been built in West Germany for 
intercity transit. On a test range of 30.5 km it has 
attained speeds exceeding 400 km/hr. The system has 
been tried out and adjusted thoroughly for a smooth 
operation. It is now so popular that many countries, 
including Australia and nations in Asia, America and 
Furope, have developed proposals for its application. 
Specifically, in Europe serious study is conducted toward 
building in the early 21st century a Transrapid system 


ENGINEERING AND EQUIPMENT 





JPRS-UST-94-018 
9 September 1994 


that will initially link London, Glasgow, Paris, Marseille, 
Munich, Hamburg, Brussels, Copenhagen, and Rome, 
and later also Madrid, Lisbon, and Berlin, with a total 
length of over 7,000 km. 


Like West Germany, Japan has HSST systems that have 
been carefully patented: HSST, with EMS for city- 
airport commuters, MLU 001 with electrodynamic sus- 
pension (EDS) for intercity transportation. There are 
plans to build, by the early 21st century, a 64 km HSST 
link between the Norita Airport and Tokyo, a corre- 
sponding fleet of EPS vehicles, as well as a Tokyo-Osaka 
line, approximately 500 km long, based on the results of 
system studies. 


These factors are evidence of the prospects of future 
MSST research and its transition to the design and 
developmen’ stage. At the same time, they are indicative 
of the difficulties faced by this effort. For one thing, 
MSST is affected by the conflict between the long time of 
project implementation and the general trend of techno- 
logical revolution toward ever shorter lags between cre- 
ation of an idea and its implementation. No technolog- 
ical, social or economic problem can be solved without 
reliance on innovative ideas. For this to be achieved, 
up-to-date information must be available, which 1s not 
always possible in long-term projects. 


The novelty of these systems and the limited experience 
with their design, as well as subjective biases, lack of 
guiding materials for design and development and the 
fact that available information is scattered in disparate 
sources suggested that writing a book on the principles of 
EPS design and active tracks for MSST would be a 
timely endeavor. 


Research in various countries has produced a plethora of 
projects and patents all claiming to offer solutions to 
various problems involved in MSST development. In the 
space of one book, one cannot even list all these sources, 
let alone characterize them, even briefly. Accordingly, 
the chief objective of this book was to trace the main 
trends in the development of the more acceptable alter- 
natives to be introduced in the near future. This leads 
one to avoid delving into historical background and 
concentrate on the general principles guiding the choice 
of engineering and design solutions based on essential 
merits of the individual ideas, patents, and proposals. 
This book is comprised of five sections. Section | 
discusses the general aspects of EPS and active track 
design. Section 2 gives data on the design of the mechan- 
ical component of EPS. The third section contains 
chapters on design of electric magnets for magnetic 
suspension of EPS. Issues of LTED design and develop- 
ment are discussed in the fourth section. Magnetic 
suspension and linear traction electric drives of LTEP 
are covered in the fifth section. 


The authors hope that this book will be useful not only to 
developers of MSST systems but also to students and 
teachers active in this important professional field. 
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MECHANICS OF GASES LIQUIDS, AND 
SOLIDS 


Catalytic Decomposition of Freons in Afterglow of 
SHF Discharge 

947J0052A Moscow FIZIKA PLAZMY in Russian 

Vol 20 No 5S, May 94 (manuscript 2 Nov 1993) pp 492-498 


[Article by N.L. Aleksandrov, S.V. Dobkin, A.M. Kon- 
chakov, and D.A. Novitskiy, Moscow Institute of Engi- 
neering Physics; UDC 537.521] 


[Abstract] Decomposition of freons by a free localized 
UHF discharge in the troposphere and subsequent 
fallout of chlorine compounds carried by rain onto the 
Earth is considered, of particular interest being the 
plasma- catalytic effect in this decomposition process: a 
chemical process taking place in a weakly ionized non- 
equilibrium plasma with high electron energy and con- 
centration of excited charged particles in a cold neutral 
gas. The kinetic behavior of such particles and of chem- 
ical compounds in humid air or in nitrogen carrying an 
admixture of freon 1s analyzed by the method of numer- 
ical simulation. As the model 1s selected humid air or 
molecular nitrogen at a 300 K temperature containing 
freon-10. As the main freon decomposition channel 1s 
assumed to be dissociative capture of thermal electrons 
according to the e + CCl, — Cl- + CCI, reaction in the 
afterglow of a pulsed UHF discharge. The catalytic cycle 
is assumed to be closed by associative annihilation of Cl- 
ions upon their collision with hydrogen atoms: Cl- + H 

e+ HCI/ CCl, + H — CCl, + HCI. Atoms, radicals, and 
excited charged particles are assumed to have been 
generated during the active stage of a periodically pulsed 
UHF discharge in an electric field of E/N = (1.5- 
2.0)x10°'° V/cm? intensity referred to concentration N of 
neutral particles. The model covers 8x7 participating 
components: |. electron; 2. Cl- 1on; 3. positive and 
negative oxygen ions; 4. positive nitrogen tons; 5. 
Cl,H,O,N atoms and molecules; 6. binary and ternary 
CI1,H,O,N compounds. An UHF discharge pulse 1s 
assumed to be sufficiently short for diregarding annthi- 
lation of particles during the active discharge stage, 
except that of electrons as a results of dissociative 
capture by O and CCl, molecules. The model includes 
rate constants of 7x7 ternary ton-ion recombination 
reactions in air, three values of each rate constant 
corresponding to ambient pressures of 10 torr, 100 torr, 
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and 760 torr respectively. On the basis of this model has 
been calculated not only the magnitude of the catalytic 
effect on the freon decomposition rate in the discharge 
afterglow, its magnitude depending on the number of 
discharge pulses and on the concentration of hydrogen 
atoms, but also the energy per freon molecule expended 
on its decomposition. The results indicate that the cata- 
lytic effect weakens as the pressure rises, because it 
becomes more difficult to maintain the conditions under 
which the rate of Cl- ions annihilation by hydrogen 
atoms exceeds the ion-ion recombination rate. They also 
indicate a dependence of the catalytic effect on the 
referred electric field intensity E/N, an increase of this 
parameter lowering the energy cost of freon decomposi- 
tion. The catalytic effect based on reactions involving 
electrons and negatively charged ions appreciably accel- 
erates the decomposition of freon molecules when the 
initial freon concentration and the electric field intensity 
are high while the ambient pressure is. The authors 
thank Yu.F. Kolesnicheko and I.A. Kossiy for discussing 
the results. Figures 5; tables 2; references 22. 


Experimental Study of Friction Against Fluid at 
High Speeds 

947F0162A Moscow IZVESTIYA ROSSIYSKOY 
4KADEMII NAUK: MEKHANIKA ZHIDKOSTI 1 
GAZA in Russian No 3, May-Jun 1994 (manuscript 
received 5 May 1994) pp 74-82 


{Article by I.1. Kozlov, A.A. Shugay, and Yu.L. Yaki- 
mov, Moscow; UDC 532.526.011] 


[Abstract] Viscous interaction of a flat solid surface 
rubbing against fluids at high relative velocities were 
measured in three experiments, to supplement theoret- 
ical data based on integral equations and boundary 
conditions of the boundary layer theory. The test appa- 
ratus built specially for this study included a container 
with fluid, a wheel with a torque motor, a tracking 
system, an observation system, a set of measuring instru- 
ments, and a personal computer with a CAMAC crate. 
The torque motor started the wheel and then held its 
shaft in vertical position as the wheel was being let sink 
smoothly into the fluid. The wheel was being decelerated 
by friction forces at its wetted surface. The first two 
experiments were: |. wheel rotating in water under 
laminar flow and turbulent flow conditions, 2. wheel 
inside hollow ice cylinder rubbing against inside surface 
of latter with attendant development of an ice melt 
interlayer. Tests were performed with two 4 cm wide 
wheels having each a 13.5 cm inside radius, their outside 
radii being 15 cm and 16.5 cm respectively. Measure- 
ments of the viscous moment and the wheel velocities 
were made for the purpose of determining the depen- 
dence of the moment coefficient on the Reynolds 
number in both laminar flow and turbulent flow ranges, 
the dependence of the moment coefficient and of the 
wheel sinking or buoying velocity on the angular velocity 
of wheel rotation, and the dependence of its angular 
acceleration on its angular velocity. The third experi- 
ment dealt with reduction of turbulence by polymer 
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additives such as polyacrylamide, their effectiveness 
being indicated by the quantitative dependence of the 
moment coefficient on both the Reynolds number and 
the polymer concentration. In this experiment, there- 
fore, measurements were made at fixed polymer concen- 
trations ranging from zero (pure water) to c= 0.01 %. The 
results reveal that as the Reynolds number increases, the 
effectiveness of polymer additives first increases up to a 
maximum at some Reynolds number N,x,,,(c) and then 
decreases till at some still higher Reynolds number 
Ne-(c) it begins to fall to zero. Both these critical 
Reynolds numbers were found to depend on the polymer 
concentration, monotonously increasing with it. For 
every polymer concentration there thus exists a mini- 
mum-friction viscosity (Reynolds number) range. Fig- 
ures 5; references 8. 


Construction of Airfoil Profiles Streamlined with 
Separation of Turbulent Boundary Layer 
947F0162B Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA ZHIDKOST1 1 
GAZA in Russian No 3, May-Jun 94 (manuscript 
received 8 Dec 1992) pp 83-91 


[Article by A.N. Ilyinskiy and A.V. Potashev, Kazan; 
UDC 532.526.4] 


[Abstract] An airfoil profile to be streamlined by a fluid 
with separation of the boundary layer is constructed, 
considering that at high values of the Reynolds number 
viscosity influence is only a thin boundary layer and the 
trail. The pressure distribution around an airfoil contour 
streamlined by a viscous fluid is the same as that around 
a “displacement half-body” streamlined by an ideal 
fluid. The general problem is that of an airfoil in a stream 
of either viscous liquid or nonviscous gas with given 
velocity and Reynolds number. Construction of its pro- 
file is based on the boundary layer theory and the 
Stepanov model of turbulent separation flow (L.V. 
Gogish and G.Yu. Stepanov; Izd. Nauka, Moscow 1979) 
using the “displacement half-body” concept. The aero- 
dynamic trail needs to become a non-load-carrier fol- 
lowing strong interaction in the wake, which naturally 
takes place under a nonlinear boundary condition. The 
problem is solved first for symmetric profiles. It is then 
solved for asymmetric profiles, with separation taking 
place either at both upper and lower airfoil surfaces or at 
only one of them. An iterative calculation algorithm 
yields the velocity in the wake and the length of the 
isobaric wake region after 3-8 and 4-6 iterations respec- 
tively. In a subsonic stream the viscosity of the boundary 
layer is assumed to be negligible and the flow parameters 
in the outer region are calculated in accordance with the 
Chaplygin model of a gas. The authors thank G.Yu. 
Stepanov for interest and helpful comments. Figures 5; 
references 7. 
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Approximate Solution of Three-Dimensional 
Inverse Problem of Non-Load- Carrying Bodies 
with Optimum Cavitation Characteristics 


947F0162C Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA ZHIDKOSTI I 
GAZA in Russian No 3, May-Jun 1994 (manuscript 
received 6 Jul 1992) pp 92-100 pp 92-100 


[Article by E.L. Amromin and V.A. Bushkovskiy, St.Pe- 
tersburg; UDC 532.528.011] 


{Abstract} Construction of non-load-carrying bodies of 
revolution to prevent cavitation streamlined within a 
given range of drift angles is treated as a three- 
dimensional inverse problem, the sought m-parametric 
surface being described in a cylindrical system of cylin- 
drical coordinates. Solution of this problem in the 
approximation of vortex-free streamlining by an ideal 
nonviscous fluid with infinitesimally small cavities is 
based on the Laplace equation for the velocity potential 
under the boundary condition of an impermeable body 
surface with appropriate constraints on the pressure 
distribution parameters including constraints on their 
ordinates or ranges. The solution is obtained in the form 
of cavitation diagrams graphically representing the 
dependence of the critical cavitation number on the 
angle of attack and on the drift angle. Determining the 
optimum cavitation diagram and thus the optimum 
body surface is treated as a problem of nonlinear pro- 
gramming, this problem then being solved by the the 
method of successive approximations. The authors 
thank G.Yu. Stepanov for valuable comments. Figures 5; 
references 1! 1. 


Mathematical Simulation of Accidental Gushing 
of Gas-Condensate in Borehole in Permafrost 


947F0162D Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA ZHIDKOSTI I 
GAZA in Russian No 3, May-Jun 94 (manuscript 
received 22 Jan 1993) pp 93-108 


[Article by I.M. Astrakhan, S.A. Yegorushkin, V.I. 
Isayev, G.D. Rozenberg, and F.A. Slobodkina, Moscow; 
UDC 532.529.5:622.276.5] 


[Abstract] A mathematical model of a natural gas and 
condensate mixture accidentally gushing in a vertical 
borehole in far-northern permafrost is constructed, for 
an analysis of the relation between fluid flow character- 
istics and ambient rock temperature. The flow of such a 
two-phase fluid through the borehole shaft is assumed to 
stabilize under normal operating conditions into a uni- 
form flow with identical constant radial pressure P and 
temperature T distributions in the two phases under 
local thermodynamic equilibrium throughout the 
volume of fluid passing through a borehole cross-section 
per unit of time. The model is based on treatment of such 
a two-phase multicomponent medium as a multivelocity 
continuum and its vertical motion as a diffusion process. 
It consists accordingly of two equations for the down- 
ward pressure gradient dp/dz and two equations of state, 
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the law of mass conservation in terms of flow rates G,,, 
+ Gig = Gior = Const, and three empirical expressions 
characterizing dynamic similarity in terms of Reynoids, 
Froude, and Weber numbers, and an empirical expres- 
sion for the Darcy-Weisbach drag coefficient in terms of 
these numbers. Four new functions ®, , ,4 (p,T) are 
introduced which transform the two equations of motion 
into one. This new equation for dp/dz under normal 
drilling conditions is then integrated, assuming the total 
mass flow rate G,,, to be known and with initial condi- 
tions at the borehole bottom appropriately stipulated. 
The initial pressure and temperature at the borehole 
bottom at the onset of accidental gushing are not, two 
other conditions being therefore stipulated: |. an empir- 
ically described inrush be filtration of fluid into the 
borehole (bedrock pressure known), 2. a critical condi- 
tion at the borehole mouth z= 0 such that dp/dz — oo and 
dT/dz — oo at z= 0. The ambient temperature at the 
borehole wall T,, is calculated by solving the equation of 
heat transfer from borehole to surrounding rock, into 
account being taken that: |. ice-water phase transitions 
in rock occur at a 0°C temperature, 2. vertical heat flow 
within the heat-affected is much weaker than radial heat 
flow, 3. conductive heat transfer is much less intense 
than convective heat transfer. The problem is then 
solved for a borehole passing through permafrost into 
unfrozen ground underneath, gushing 'n the permafrost 
region proceeds in two stages: first at a ground temper- 
ature below zero, then at a zero ground temperature with 
the ground around the borehole thawing. The thawing 
ground is then separated from the frozen ground around 
it by the phase transition front, which moves toward the 
borehole center. The drilling time till onset of gushing 
and the maximum possible deficit of extracted fluid have 
been calculated for natural gas containing 96.37 mol.% 
methane (3.63 mol.% ethane + propane + butane + 
pentane + carbon dioxide + nitrogen). The results of 
similar calculations for existing boreholes in the Yamal 
peninsula are validated by the results of actual measure- 
ments. Figures 3; references 9. 


Dependence of Aerodynamic Characteristics of 
Circular Cylinder in Supersonic Stream of Ideal 
Gas on Temperature Factor 


947F0162E Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA ZHIDKOSTI I 
GAZA in Russian No 3, May-Jun 1994 (manuscript 
received 18 May 1993) pp 156-162 


[Article by V.A. Bashkin, I.V. Yegorov, and M.V. Yegor- 
ova, Moscow; UDC 533.6.011.5] 


[Abstract] A circular cylinder in a supersonic stream of 
ideal gas is considered, a velocity-dependent tempera- 
ture factor being introduced for numerical analysis and 
evaluation of its influence on the local aerodynamic 
characteristics of the cylinder surface as well as on the 
flow field structure. This temperature factor is the ratio 
of cylinder surface temperature to gas stagnation tem- 
perature, assuming an isothermal thermally insulated 
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cylinder surface and a quiescent gas stream. The analysis 
is based on the applicable system of two-dimensional 
Navier-Stokes equations. Calculations have been made 
for three values of the temperature factor: 0.75, 0.50, 
0.3333 in a supersonic stream flowing at a Mach = 5.0 
velocity without slip in the quiescent region and adia- 
batically along the cylinder surface, the Reynolds 
number being varied over the 300,000-30,000 range. As 
the ideal gas has been selected one with a c,/c,= 1.4 ratio 
of specific heats, a Prandtl number N,p,= 0.7, and a 
Sutherland dynamic viscosity. The calculations, 
including appropriate interpolation schemes have 
yielded the location of the separation point dependent 
on the surface distribution of the local friction coeffi- 
cient and on the Reynolds number, the separation point 
shifting upstream as the Reynolds number increases so 
that eventually a region of developed separation flow 
forms in the wake. The calculations have also yielded an 
adiabatic recovery temperature nonmonotonously 
varying along the directrix on the downstream side of the 
cylinder, where the thermal flux distribution becomes 
more nonuniform and the direction of heat flow eventu- 
ally reverses as the temperature factor on the upstream 
side increases. The anomalies in the dependence of heat 
transfer at an isothermal surface on the Revnolds 
number are generally retained, varying the temperature 
factor only shifts the instant at which they occur. 
Decreasing the temperature factor, by cooling the sur- 
face, causes separation (large Reynolds number) to occur 
earlier. At the two front and back stagnation points on 
the cylinder surface the dependence of the heat flux on 
the temperature factor (constant Reynolds number) is 
approximately linear, the two heat fluxes becoming 
comparable in magnitude within the range of strong 
turbulence (large Reynolds number). Most strongly 
dependent on the temperature factor is the integral 
friction coefficient, in a direct relation to it. The drag 
coefficient depends on the temperature factor only under 
conditions of weak turbulence (small Reynolds number), 
in an inverse relation to it. The total incident heat flux 
depends on the temperature factor in an inverse relation 
to it and on the Reynolds number in a nonmonotonous 
relation to it with a minimum in the range of weak 
turbulence (small Reynolds number) owing to thermal 
conditions at the bottom of the cylinder. Figures 4; tables 
1; references 3. 


Two-Dimensional Problem of Hydrodynamic 
Oscillation of Stationary Body Submerged in 
Two-Layer Fluid 

947F0162E Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA ZHIDKOST1 1 
GAZA in Russian No 3, May-Jun 1994 (manuscript 
received I Apr 1993) pp 144-155 


[Article by A.V. Sturova, Novosibirsk; UDC 532.59] 


[Abstract] Oscillations of a stationary body submerged tn a 
two-layer fluid in the path of incident traveling waves is 
analyzed, assuming zero buoyancy. The problem is formu- 
lated as a two-dimensional one and solved by the method 
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of hybrid elements. The velocity potential is represented in 
the form of finite elements within the narrow boundary 
layer and in the form of boundary integrals in the outer 
region. First is considered a fluid with the upper layer 
uider a solid lid, in which case there exists only one wave 
mode: internal waves. Next is considered a fluid with a free 
surface of the upper layer, in which case there always exist 
two wave modes: surface waves and volume waves. In each 
case solution of the problem requires calculation of 
Green’s function for each layer. This function is also used 
for obtaining the equivalence relations which couple the 
solutions to the radiation problem and diffraction 
problem, inasmuch as the hydrodynamic load on a body in 
such a situation is determined by radiation and diffraction 
forces acting on it. For a body symmetric with respect to its 
vertical axis the solution to the radiation problem yields 
the diffraction forces as well as both transmission and 
reflection coefficients. The solution to the diffraction part 
of the problem yields the damping coefficient and condi- 
tions in the far field. The apparent mass of the body is then 
obtained from the damping coefficient in accordance with 
applicable Kramers-Kronig integral relations. The solution 
for impermeable bodies with circular or slightly elliptical 
contours located deep under the interlayer boundary is the 
dipole approximation, valid for low-frequency oscillations 
of bodies with such contours. Numerical calculations 
made for a cylindrical body have yielded both the damping 
coefficient and the ratio of actual apparent mass to 
apparent mass in a boundless homogeneous fluid medium 
as functions of a dimensionless frequency parameter. 
Extreme cases are a body in a weightless fluid and in a 
nonviscous fluid. The results, based on 12 hybrid ele- 
ments, do not deviate from the T.F. Ogilvie’s analytical 
solution (‘First-Order and Second-Order Forces on Cyl- 
inder Submerged under Free Surface’; JOURNAL OF 
FLUID MECHANICS Vol 16 No 3, 1963) by more than | 
%. They indicate a significant effect of an abrupt density 
change due to stratification on the hydrodynamics of 
radiation and diffraction problems in the low-frequency 
range. Figures 4; references 17. 


Optimum Conditions for Control of Turbulence 
Intensity in Stream by Means of Honeycombs 
947F0162G Moscow IZVESTIYA ROSSIYSKOY 
AKADEMII NAUK: MEKHANIKA ZHIDKOSTI1 1 
GAZA in Russian No 3, May-Jun 1994 (manuscript 
received 20 Jul 1993) pp 163-174 


[Article by N.P. Mikhaylova, Ye.U. Repik, and Yu.P. 
Sosedko, Moscow; UDC 533.6.071.6:532.517.4] 


[Abstract] An experimental study of honeycombs used for 
quenching the turbulence in wind tunnels was made, two 
kinds of honeycomb being considered for this purpose: 1. 
honeycomb proper consisting of identical cells in the form 
of regular hexagons with 2.5 mm long sides and approxi- 
mately 0.1 mm thick walls (hydraulic radius 2.25 mm, 
space factor 0.04); 2. tightly packed bundle of identical 
circular stainless steel tubes D= 2, 3, 4 mm in diameter and 
approximately 0.1 mm thick walls (space factor 0.12, 0.08, 
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0.06 respectively). Tests were performed with L= 17, 28, 
40, 60, 90 mm long proper honeycombs and with 3D to 
20d long tubular honeycombs, each placed at various 
locations and the quiescent velocity of the oncoming 
Stream varied over the 2-15 m/s range. For reference, the 
performance of a honeycomb in a nonturbulent stream is 
analyzed in the approximation of a plane-parallel stream. 
Calculation of the Strouhal number on the basis of the 
experimental data yields values within the narrow 0.20- 
0.25 range. This near universality of its value permits 
extension of the results to actual flow conditions in a wind 
tunnel, taking into account generation as well as suppres- 
sion of periodic stream velocity perturbations. Both exper- 
iment and analysis thus indicate the optimum honeycomb 
dimensions and location ensuring minimum turbulence in 
the test segment of a wind tunnel. Figures 7; references | 3. 


MISCELLANEOUS 


Model Studies of Wave Formation in a Solid Ice 
Sheet Due to the Motion of an Underwater Vessel 


947J0047 Novosibirsk PRIKLADNAYA MEKHANIKA I 
TEKHNICHESKAYA FIZIKA in Russian Vol 35 No 2, 
Mar-Apr 1994 (manuscript received 17 Mar 93, after 
revision 20 Apr 93) pp 78-81 


[Article by V. M. Kozin, A. V. Onishchuk, Komsomolsk- 
na-Amure; UDC 532.526.2] 


[Text] One promising method of solving the problem of 
year-round use of northern marine routes 1s the creation 
of an underwater transport fleet capable of negotiating 
ice obstacles underwater. Obviously, the conditions for 
the use of these vessels should consider the possibility of 
emergency surfacing in a solid ice sheet. At present, the 
technique for this type of surfacing involves static 
loading of the ice sheet from below, with the creation of 
a positive residual buoyancy by draining the main ballast 
tank after preliminary undermining of the ice in the 
surfacing region. Experience in the practical implemen- 
tation of this type of surfacing with domestic and foreign 
submarines indicates the inevitability of damage to the 
conning tower, structures of the upper deck, and fre- 
quently, the light-duty hull as well. One can avoid these 
undesirable consequences by partially or completely 
breaking up the ice sheet by generating flexure-gravity 
waves of a specific amplitude in the ice.' To do this, the 
vessel rises to a safe depth and moves under the ice at a 
certain speed. Flexure-gravity waves develop in the ice 
sheet, and at a certain intensity level the ice 1s cracked or 
completely broken up. Afterwards, the vessel returns to 
the region where the waves have affected the ice and 
surfaces in the weakened or broken ice. This surfacing 
technique is accompanied by noise, and the frequency 
spectrum of this noise is close to the natural spectrum. 
Thus, this type of surfacing also increases the secrecy of 
submarines. 


Ice can be broken up with flexure-gravity waves gener- 
ated by the movement of vessels which displace water~ 
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and by amphibious craft which move on a cushion of air. 
In the first case the vessel moves along the edge of the ice 
or along a channel generating a system of ship waves 
which are then transformed into flexure-gravity waves. 
When the vessel reaches a certain speed the amplitude of 
the flexure-gravity waves increases to a maximum and 
an ice sheet of a certain thickness begins to break up over 
a substantial area (for average icebreakers, the width of 
the band of ice broken up by this movement may reach 
hundreds of meters’). In the second case the craft moves 
along the ice at a resonant speed.* The system of flexure- 
gravity waves which is generated, for a certain vessel 
mass, also leads to the ice sheet breaking up over a large 
area. 


This paper is devoted to mode! studies of the generation 
by underwater vessels of flexure-gravity waves with an 
amplitude sufficient to break up an ice sheet of a realistic 
thickness. The vessels move at a safe submersion level. 
Among the theoretical publications devoted to this sub- 
ject, one can note the research of D. Ye. Kheysin’. 
Taking the solution of N. Ye. Kochin for a free surface as 
a basis, he examined the two-dimensional problem of the 
movement of a body under ice. Reference 5 presented a 
qualitative analysis of the nature of the flexure-gravity 
waves generated. The theoretical solution of the three- 
dimensional problem is much more difficult 


The goal of this paper 1s to study the dependence of the 
parameters of flexure-gravity waves on speed, submer- 
sion level, and vessel size, and to evaluate the ice- 
breaking capabilities of vessels by conversion of the data 
from in-situ icebreaker tests using the criteria which are 
obtained. 


Statement and solution of the problem. Let us use the 
ability to model flexure-gravity waves in floating elastic 
films.° In accordance with this method the modeling 
scale k is defined by the modulus of elasticity of the 
material simulating the solid ice: k = F,/k,, (FE, FE, are 
the moduli of elasticity of full-scale and modeled ice. 
Then, in accordance with the theory of dimensions, the 
modeled and full-scale parameters will be linked by the 
equations 


W/W = i = h,,/h,, me L,/L,,, : B,/B,,. = k. 


"1 


D,/D,, = k’, 


m 
Vv )n/(gL,,) ° = Vin/(gL,,)! . 


where w,, and w,, are the flexure of the ice, A,,, A,,, are the 
length of the flexure-gravity waves; h,, h,, are the thick- 
ness of the ice: L,, L,,, B,, B,, are the length and width 
of the vessel; v,, and v,, are the speed of the vessel; T,, T,, 
are the period of the flexure-gravity waves, D, and D,, 
are the displacement of the vessel; g 15 gravity. 


A polymer film (polyvinyl chloride plastic compound) 1s 
used to model ice A, = 0.2 m thick. The modulus of 
elasticity of the plastic compound F,,, was determined 
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experimentally in relation to the rate of deformation. To 
create positive buoyancy (the density of the plastic 
compound is p,, = 1400 kg/m*) the perimeter of the film 
was attached to a rim (Fig. |). There was some lack of 
correspondence of the Poisson coefficient p,, and the 
density p,, of the modeled ice compared to full-scale ice, 
as can be seen from experiments on the generation of 
flexure-gravity waves by a moving load, but this had 
virtually no effect on the wave parameters. 





Figure 1. 





The experiments were conductcd in an experimental 
basin 45x4x3 m in size equipped with a gravity towing 
system. The model ice field was 6x3 m in size. The 
underwater vessel was a generalized model of current 
foreign submarines with an elongation L/B = 8 and a 
coefficient of fullness 6 = 0.52. To evaluate the influence 
of the scale effect on the parameters of the flexure- 
gravity wave three models were manufactured (Fig. 2) 
with a scale of k = 1/200, which corresponds to the 
displacement of full-scale vessels: 3500, 6000, and 9000 
tons. The models were towed under the model ice and in 
pure water (Fig. 3) with relative submersions /h,/ 
LL, med = 0.2-0.7 (h, is the depth of submersion of the 
model). The parameters of the flexure-gravity wave 
(length and amplitude) were detected by a displacement 
sensor at various points of the model field and recorded 
on a two-coordinate automatic recorder. Figure 4 shows 
the general character of deformations of the model ice, 
recalculated for full-scale ice (the vertical axis is the 
flexure of the ice, the horizontal axis is the distance as a 
multiple of vessel length). 





Figure 2. 
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Figure 3. 











Figure 4. 





Systematic towing of the models made it possible to 
determine the speed at which the amplitude of the 
flexure-gravity waves which were generated reached a 
maximum. The value of this critical (resonant) speed 1s 
close to the theoretical value of the critical phase speed 
of a flexure-gravity wave for deep water’: 


vy, =(D g’/h)'” 


Here D is the cylindrical rigidity of the ice sheet, p 1 is the 
density of the ice, and / is the thickness of the ice. 


The dependence of v,, on submersion was obtained from 
the towing results (Fig. 5). The average value of v,, was 
about 17 m/s, and the theoretical value for A = 0.2 m was 
15.8 m/s. The size of the models had no effect on v,,. It is 
clear from Fig. 6, which shows profiles of the flexure- 
gravity waves for different model speeds (the Oz axis 
shows ice deformation for the cross section vy = Q), that as 
the speed approaches v, one observes a substantial 
increase in the amplitude of the flexure-gravity waves. 
For an unchanged wavelength this leads to an increase in 
the curvature of the wave profile and, consequently, 
flexure stresses. Total attenuation of waves is observed 
at a distance of 3-4 times the wavelength of the flexure- 
gravity waves. 
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v, m/c The research which has been done makes it possible to 

P | - ° conclude that the resonant method of breaking an ice 

16 sheet may be implemented by underwater vessels to 
are ae surface in solid ice when the hull is submerged at a safe 

17- U ° depth. This method may be used to predict the ice- 

~ ag . . breaking capabilities of underwater vessels and to 








Figure 5. 
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develop recommendations on the process of surfacing in 
solid ice. 
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Geological Factors of Global Changes: The 
Significance of Catastrophes and Periodicity of 
Processes 

947N0059 Novosibirsk GEOLOGIYA I GEOFIZIKA 

in Russian Vol 35 No 3, Mar 1994 (manuscript received 
29 Nov 93) pp 3-19 


[Article by N. L. Dobretsov, Joint Institute of Geology, 
Geophysics, and Mineralogy, Siberian Division, Russ 
ian Academy of Sciences, Novosibirsk; UDC 
551.14+536.25] 


[Abstract] Results of projects in the “Global Changes in 
the Environment and Climate Program” and articles 
published in 1991-92 in leading international and Rus- 
sian journals are used to examine two groups of issues: 1) 
geological factors of global environmental and climatic 
change; 2) the significance of catastrophes and periodic 
geological processes. This paper is an attempt to analyze 
and find links based on general models for all research 
conducted on global changes in the environment in the 
lithosphere and its boundaries with the hydrosphere. 
Some problems, for example, the effect of urbanization, 
exhausting mineral resources and other issues are not 
treated in the survey. Long-term trends are evaluated 
first, then catastrophes, finally short-term effects. Exam- 
ples are presented. Lithospheric, atmospheric, and oce- 
anic processes are examined as well as biochemical 
processes and variations in solar activity. The issue of 
large-scale extinctions is discussed. Periodic processes 
include volcanism, changes in plate tectonics, and 
changes in currents and climates. Figures 10; table 1; 
references 53: 13 Russian, 40 Western. 


On the Link Between Deformation Precursor 
Appearance Time and Earthquake Magnitude and 
Epicentral Distance 


947N00574 Moscow FIZIKA ZEMLI tn Russian 
No 5, May 1994 pp 27-31 


[Article by S. I. Zubkov, S. Ya. Sekerzh-Zenkovich, and 
D. S. Sekerzh-Zenkovich, Institute of Geophysics iment 
O. Yu. Shmidt of the Russian Academy of Sciences, 
Institute of Applied Mechanics of the Russian Academy 
of Sciences, and Moscow State University imeni M. V. 
Lomonosov; submitted 29 Apr 93; UDC 550.343] 


[Abstract] This study was undertaken to determine the 
constant coefficients—a, b, k, 1, and q—in a formula 
developed by I. P. Dobrovolskiy and used to link defor- 
mational precursors to earthquake magnitude and dis- 
tance from the epicenter. The hallmark of Dobrovol- 
skiy’s formula, AT = 10?“*°-10*™*''9 is that, in contrast 
to previously developed formulas, it can be used both in 
the epicenter of an earthquake, where r=0, and on the 
boundary of the precursor region, where, when r=R, 
precursor appearance time AT=0. The formula’s coeffi- 
cients were determined by statistical analysis of data 
recorded from observations of deformational precursors 
from around the world. This formula was then used to 
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calculate the propagation rate of a deformational pre- 
cursor over the surface of the Earth in a function 
expressing earthquake magnitude, time, and distance 
from the epicenter. Sample calculations are provided. 
Figures 5, tables 2; references 10: 9 Russian, | Western. 


Possible Mechanism of Preparing Intense 
Shallow-Foci Earthquakes 


947N0071 Kiev GEOFIZICHESKIY ZHURNAL 
in Russian Vol 16 No 1, Jan-Feb 1994 (manuscript 
received 29 Dec 92) pp 22-29 


[Article by V. G. Guterman, Ya. M. Khazan; UDC 
550.34:(551.21+551.22)] 


[Abstract] In this model of earthquake preparation, 
elastic stresses in rock accumulate due to magma being 
pressed out of a deep mantle source into a crustal lens, 
that is, in the process of crust intrusion formation. A 
seismic event begins when the threshold of rock destruc- 
tion is reached. This process may be accompanied by 
significant seismicity. Data analysis of 13 shallow-foci 
earthquakes indicates that most of them may have 
occurred in the course of formation of crust intrusions. A 
dome-like structure is formed when magma enters a lens. 
This may be accompanied by mild jolts; this has actually 
occurred and been documented. Thicknesses of crustal 
lenses and depths of mantle sources are estimated for the 
considered events. If the typical depth of bedding of the 
hypocenters is known one can determine the maximum 
magnitude of the earthquake and the approximate time 
of onset. The existence of crystal magma lenses at 
relatively shallow depths may lead to the appearance of 
near-surface thermal anomalies, which may be a valu- 
able key to predicting seismic events. Actual events that 
are considered include the Imperial Valley earthquake of 
15 Oct 79, the San Fernando earthquake of 9 Feb 71, and 
the Spitak, Armenia earthquake of 7 Dec 88. Figures 3; 
table 1; references 30: 9 Russian, 21 Western. 


Prospects for Developing a Manganese Ore Base 
in Russian Federation 


947N0063A Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russian No 9, Sep 1993 pp 23-29 


[Article by A. A. Sharkov, All-Union Institute of Mineral 
Resources; UDC 553.04:553.32] 


[Abstract] A great manganese deficit has now arisen in 
Russia due to difficulties in acquiring this metal from 
outside the country, dictating a reassessment of the Mn 
resources within the country. More than 20 manganese 
ore deposits have now been identified in the Russian 
Federation, most of them located in the Ural and in 
Siberia. Almost all are small and have not been worked. 
The largest (reserves more than 100 million tons) are in 
the Usinsk (Kemerovo Oblast) and Porozhinsk (Krasno- 
yarsk Kray) deposits. The total industrial reserves of 
manganese ores for Russia as a whole are about 150 
million tons. More than 90% are calcareous ores which 
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are difficult to process; the easily processable oxide ores 
account for no more than 10% of the total. The average 
Mn content in the calcareous ores attains 20%; in the 
oxide ores it is 27%. There are four principal geological- 
industrial types of manganese deposits, each briefly 
described. Seven manganese-bearing provinces have 
been defined, each of which is discussed. By the year 
2000 the industrial reserves of manganese ores in Russia 
may attain 311 million tons, including the 147 million 
tons taken into account in the present-day reserves plus 
165 million tons of reliably predicted reserves. The 
proposed policy for increasing the self-sufficiency of the 
country necessitates a vigorous further exploration of 
known and discovery of new deposits in promising 
regions in the Ural region and in Siberia and the imme- 
diate and continuing development of technologies for 
enriching low-quality calcareous and oxide manganese 
ores. References: 10 Russian. 


Gold-Mercury Deposits—New Source of Russian 
Gold 

947N0063B Moscow OTECHESTVENNAYA 
GEOLOGIYA in Russian No 9, Sep 1993 (manuscript 
received 25 Jan 93) pp 29-34 


[Article by V. A. Stepanov, Amur Multidiscipline Scien- 
tific Research Institute; UDC 553.411.499] 


[Abstract] Gold-arsenic-antimony-mercury ores are 
widely exploited in various countries (with only gold and 
mercury actually being extracted); they were formed in 
the stage of intracontinental rifting, being found typi- 
cally at depths from 100 to 1500 m. There are four 
regional genotypes of gold-mercury deposits. Only the 
first steps in their study and evaluation have been 
undertaken in Russia. In Russia two of these genotypes 
of gold-mercury deposits are now known: Karlin (Vor- 
onets deposit in the Ural) and Kyuchyus (Kyuchyus 
deposit in Yakutia), both of which are described in 
detail. A full-page table compares these two genotypes 
with the other two gold-mercury deposit genotypes out- 
side Russia with respect to 11 criteria. Despite the 
different geological conditions characterizing the men- 
tioned deposits, all have a number of features in 
common which distinguish them from gold ore deposits 
of other types, such as an unusual geochemical range of 
ores, namely gold-mercury-arsenic-antimony-thallium, 
with the most stable positive correlation between gold 
and mercury and a high gold- silver ratio, as well as 
association with deep faults, indicating probable sub- 
crustal origin of the ore components. The described 
deposits with gold-mercury ores, together with gold ore 
deposits of other types, must serve as the basis for the 
gold mining industry of Russia. This applies, in partic- 
ular, to the Ural, Altay-Sayan region, Kuznetskiy Alatau, 
Yakutia and the Northeast. A factor of considerable 
importance will be the extraction from these deposits of 
mercury, from whose centers of production Russia has 
now been cut off. Figures 2. 
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The Propagation of Internal Waves in a Model of 
a Stratified Ocean Taking Into Account Turbulent 
Viscosity 


947N0001A Moscow IZVESTIYA AKADEMII NAUK 
FIZIKA ATMOSFERY I OKEANA in Russian Vol 29, 
No 4, Jul-Aug 1993 pp 553-558 


[Article by N. A. Panteleyev, A. A. Slepyshev, A. N. 
Shcherbakov, and E. N. Shcherbakov, Marine Hydro- 
physics Institute of the Ukrainian Academy of Sciences] 


[Abstract] In December 1988 measurements were car- 
ried out of a velocity field in the layer of a staircase 
thermohaline structure in the western part of the tropical 
Atlantic Ocean. The area chosen for the measurments 
was at 10° 53’ North latitude and 58° 37’ West longitude. 
The areas was characterized by intense exchange pro- 
cesses, which were caused by the activity of saline 
fingers. The purpose of the measurements was to analyze 
the effects of the exchange processes on the characertis- 
tics of internal waves. 


The measurements were carried out by means of self- 
contained buoy stations for the measurement of current 
velocity and temperature, and also through a series of 
soundings with a CTD probe. The measurements 
showed that the amplitude of oscillations in the hori- 
zontal velocity of high-frequency internal waves was 
considerably smaller in the staircase layer than in other 
layers. The depth layer beneath the thermocline was also 
shown to have a smaller amplitude of oscillations of 
horizontal velocity. 


The effects of turbulent viscosity on the characteristics of 
internal waves was also analyzed. It was found that 
turbulent viscosity leads to a change in the velocity 
eigenfunctions of internal waves. 


Generation of Vertically Standing Tidal Internal 
Waves in Open Ocean 


947N0067A Moscow OKEANOLOGIYA in Russian 
Vol 34 No 3, May-Jun 1994 (manuscript received 1 Feb 
1993, after revision 24 Jun 1993) pp 370-373 


[Article by V. V. Novotryasov, Pacific Ocean Oceano- 
logical Institute, Far Eastern Department, Russian 
Academy of Sciences; UDC 551.04.68] 


[Abstract] This paper represents a continuing study of 
the possibility of parametric generation of internal tides 
arising under the influence of modulation of the Vaisala- 
Brunt frequency caused by tidal oscillations. The 
existing literature is subjected to a critical review. After 
an analysis of the parametric instability phenomenon a 
test for the parametric generation of vertically standing 
internal waves at the semidiurnal frequency M, as a 
function of the viscosity coefficient and local latitude is 
formulated. The possibility of parametric generation of 
the higher modes of internal gravity waves with a semid- 
iurnal period in the open ocean is examined in detail and 
a scenario of their development in the deep layers of the 
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ocean 1s Outlined. Estimates of the amplitudes and 
number of generated modes of internal waves are made. 
The presented computations and observations reveal 
that in the middle latitudes of open regions in the ocear 
there can be generation of systems of vertically standing 
tidal internal gravity waves whose generation mecha- 
nism may be parametric instability generated by tidal 
oscillations of ocean level. However, the presence of 
dissipative processes in the ocean may be critical both 
for the parametric instability phenomenon itself and for 
the generation of a finite number of vertically standing 
tidal internal gravity waves. References 16: 13 Russian, 
3 Western. 


Internal Waves on Continental Shelf and Slope of 
Northwestern Africa (Determined From Optical 
Measurements) 


947N0067B Moscow OKEANOLOGIYA in Russian 
Vol 34 No 3, May-Jun 1994 (manuscript received 
15 Mar 1993, after revision 31 Aug 1993) pp 374-379 


[Article by M. A. Yevdoshenko, Institute of Oceanology 
imeni P. P. Shirshov, Russian Academy of Sciences, 
Moscow; UDC 551.463.5] 


[Abstract] During a cruise of the Akademik Kurchatov 
scientific research ship in July-August 1988 extensive 
hydrooptical measurements were made in a test range off 
Northwestern Africa. It was found that the structures of 
a quasiharmonic form determined from the distribution 
of the color index, fluorescence and temperature in the 
surface layer while the ship was proceeding on course in 
the shelf and slope region are caused by short-period 
internal waves. The internal wave parameters are evalu- 
ated using dispersion relations computed from the ver- 
tical profiles of buoyancy frequency with allowance for 
the Doppler effect. It 1s shown that the phase and group 
velocities increase and the period and amplitude 
decrease with an increase in distance from the coast. The 
registered correlated changes in the horizontal spatial 
distributions of the color and fluorescence indices and 
temperature at scales 0.5-0.8 km appear to be attribut- 
able to the influence of short-period internal waves 
propagating in the shelf-slope sector of the Canaries 
upwelling region. This is confirmed by the identical sign 
on the correlations of the ¢ [Brunt-Vaisala frequency] 
and T profiles in the surface layer and the horizontal 
distributions of hydrooptical characteristics and time of 
registry of internal waves (during syzygy), as well as the 
train character of the oscillations. The computed wave 
parameters in the shelf and slope region correspond to 
those cited in the literature. The findings underscore the 
effectiveness of use of combined hydrooptical and 
hydrophysical methods in studying horizontal and 
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vertical oceanological fields, especially the fields of 
short-period internal waves. Figures 3; references 15: 9 
Russian, 6 Western. 


Influence of the Subantarctic Water Mass on the 
Characteristics of the Underwater Sound Channel 
in the South Atlantic 


947NO0I8SA Moscow OKEANOLOGIYA in Russian 
Vol 33, No 6, Nov-Dec 1993 pp 839-844 


[Article by N. P. Bulgakov and P. D. Lomakin, Institute 
of Marine Hydrophysics, Ukrainian Academy of Sci- 
ences, Sevastopol] 


[Abstract] A study was made of underwater sound fields 
in various climatic zones of the South Atlantic in rela- 
tion to the large-scale thermohaline stratification of the 
water. A comparative analysis of the different zones was 
made by means of calculations of sound velocity and by 
using archival material containing observations of tem- 
perature and salinity from the Bank of Oceanographic 
Data of the Institute of Marine Hydrophysics of the 
Ukrainian Academy of Sciences and from Princeton 
University. The investigations were carried out in a 
region of the Atlantic extending from the northern 
tropical to the southern polar latitudes (20° north lati- 
tude to 70° south latitude). 


It was found that the character of the underwater sound 
channel in the South Atlantic 1s largely determined by 
the thermohaline characteristics of the core of the sub- 
antarctic water mass, and that the most important ele- 
ment of thermohaline stratificatton—that which gives 
rise to the special features of the underwater sound 
channel—is the intermediate layer, which shows large- 
scale temperature inversion. Major currents from the 
intermediate layer of the core of the subantarctic water 
mass Carry water with inverted temperature distribution 
into temperate and tropical latitudes as well as into the 
polar regions of the South Atlantic, and their effect on 
large-scale hydroacoustic structure can be noted from 
southern polar to northern tropical latitudes. 


In order to evaluate the effect of the inversion layer on 
the propagation of sound, sound wave charts were cal- 
culated for the uninverted structure typical for the tem- 
perate latitudes of the North Atlantic, as well as for the 
structure with the large-scale temperature inversion 
observed in the southern part of the ocean. It was found 
that, as compared to those 1n the uninverted structure, 
sound waves in the inverted structure show increased 
positive refraction, have total internal reflection at lesser 
depths, and that acoustic energy 1s concentrated in a 
narrower intermediate layer. A redistribution of acoustic 
energy in the underwater sound channel also takes place, 
which leads to the formation of wide zones of sound 
shadow, which are not found tn the uninverted structure. 
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The Diffraction of Internal Waves on a Two-Layered 
Fluid 

947N0001B Moscow IZVESTIYA AKADEMII] NAUK 
FIZIKA ATMOSFERY I OKEANA in Russian Vol 29, 
No 4, Jul-Aug 93 pp 559-564 


[Article by T. I. Khabakhpasheva] 


[Abstract] A simple and accurate method 1s presented for 
calculating the forces acting on a circular cylinder as the 
result of diffraction of internal waves moving along the 
interface between two layers of an ideal incompressible 
fluid, where the cylinder is completely submerged in a 
fixed position in the lower layer of the fluid. 


The problem is formulated and examined according to 
linear theory. A method proposed by E. Mehlum (“A 
Circular Cylinder in Water Waves,” Appl. Ocean Res., 
Vol 2, No 4, 1980 pp 171-177) for the calculation of 
phase shift in the diffraction of surface waves on a 
circular cylinder is used. This method also makes pos- 
sible the calculation of the reflection and transmission 
factors. 


A comparison is made between the results obtained and 
the results of previous approximation calculations. 


Correlation Between Strong Earthquakes and 
Variations in Radiation Belt Particle Flux 


947N0065B Moscow GEOMAGNETIZM I AERONOMIYA 
in Russian Vol 34 No 3, May-Jun 94 (manuscript received 
29 Jun 93, after revision 8 Oct 1993) pp 60-66 


[Article by Ye. A. Ginzburg, A. B. Malyshev, I. P. 
Proshkina and V. P. Pustovetov, Applied Geophysics 
Institute, Russian Committee for Hydrometeorology; 
UDC 523.037] 


[Abstract] The joint processing of two independent files 
of data on fluxes of high-energy inner radiation belt 
particles for the periods 16 June-16 July 1990 and 15 
March-31 May 1992 and a corresponding global cata- 
logue of earthquakes made it possible to discriminate 
flux variations “anomalous” in amplitude (246 events). 
A joint analysis of these events and earthquakes coin- 
ciding in time indicated that there 1s a statistically 
significant peak in the spatial-temporal distribution. 
This peak may be caused by an unclarified relationship 
between strong lithospheric earthquakes and ‘‘anoma- 
lous” variations of the flux of trapped particles. Most 
(52%) of the lithospheric earthquakes forming this peak 
fell in the two time intervals 20-28 June 1990 and 30 
May 1992: the local seismically active zones corre- 
sponding to them had the coordinates 37°N, 49°E and 
15°N, 93°W. The results confirm the reliability of an 
effect reported earlier and indicate the possibility of the 
appearance of an “‘anomalous” variation 1-6 hours after 
a lithospheric earthquake. According to estimates, when 
using the method proposed in this study the percentage 
of the “seismogenic” variations 1s about 5%. An increase 
in this percentage and a decrease in the background may 
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be possible when drawing upon additional information 
on the energy and pitch angle distributions of particles of 
“anomalous” variations, as well as data from simulta- 
neous observations of low-frequency electromagnetic 
radiations. Figures 2; references 15: 4 Russian, |! 
Western. 


lonospheric Effects of Spacecraft Launches 


947N0065C Moscow GEOMAGNETI7M 1 
AERONOMIYA in Russian Vol 34 No 3, May-Jun 1994 
(manuscript received 1 Feb 93, after revision 27 Dec 93 
pp 158-16] 


{Article by K. I. Gorelyy, V. K. Lampey and A. \ 
Nikolskiy, Dynamics of Geospheres Institute, Russian 
Academy of Sciences; UDC §50.388.2] 


{Abstract] The results indicate that 1onospheric distu 
bances of different scales occur during spacecraft 
launches. Such launches are accompanied by an electros 
concentration change 1n the zone of vehicle impact on 
the ionosphere and the appearance of travelling 1on 
spheric disturbances associated with the deve! 
an 1onospheric “hole.” This phenomenon was studied at 
the time of the Soyuz TM-3 launch from Baykonur ) 
July 1987, whose trajectory was tracked by vertical! 
sounding in a meridional chain of stations where mea 
surements were made each 15 minutes. Greomagneti 
conditions were quiet. The duration of the 1onospher) 
effect of this launch was about 2 hours and in the 
analyzed case the deviation of the critical frequency of 
the F2 layer (electron concentration deficit in the “hole 
was about 10%. No effect was observed at ranges greate! 
than 1000 km on either side of the projection of the 
spacecraft trajectory onto the Earth. Measurements in 
the immediate neighborhood of the 1onospheric “hol 
revealed a complex picture of SW radio wave propaga 
tion in this region corresponding in general to the 
ionospheric “hole” dynamics. Direction finding mea 
surements confirmed the presence of a broad spectrum 
of 1onospheric inhomogeneities leading to the fading of 
SW signals and rapid deviation of the direction of radio 
wave arrival. Figures 3; references 5: 3 Russian 
Western. 
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Geoacoustic Researches in the Axial Zone of the 
Mid-Atlantic Ridge 

947NO0I8C Moscow OKEANOLOGIYA in Russ: 

Vol 33, No 6, Nov-Dec 1993 pp GY 75-948 


[Article by N. N. Dmitrevskty, P. V. ivanush} 
Kuznetsov, and T. G. Kharatishvili, Oceanological | 
tute Imeni P. P. Shirshov, Russian Academy of Scier 
Moscow] 


[Abstract] In October 1991 during the 5th voyage of the 
scientific research ship Akademik Yolfe comprehensive 
geoacoustic researches were carried out in the Atlant 


Ocean in the axial zone of the Mid-Atlantic R 
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point where the ridge joins the Oceanographer Transfor- 
mation Fault. The researches included a detailed bathy- 
metric survey of the polygon with an ECHOS YD 
multibeam echo sounder, hydroacoustic mapping by 
means of a towed low-frequency side-view sonar unit, 
and measurements of the spatial variability of the force 
of backward scattering by the ocean floor by means of an 
MBL-2 towed multibeam sonar unit 


The chief technical parameters and methods for use of 
the MBL-2 towed multibeam sonar unit are discussed by 
the authors. 


The results of the researches are presented in graphs 
showing angular and spatial variations of the force of 
backward scattering according to the depth and topog- 
raphy of the seafloor, and are compared to already 
published data 


Consequences of Greenhouse Effect: Predictions 
and Reality 

947NO066A Moscow IZVESTIYA AKADEMII NAUK: 
SERIYA GEOGRAFICHESKAYA in Russian No 3, 
May-Jun 1994 (manuscript received 11 Jan 1994) 

pp be 

{Article by A. L. Yanshin, S. N. Zhidovinov, A. A. 
Velichko and V. S. Chesnokov, Scientific Council on 
Biospheric Problems, Russian Academy of Sciences; 
Lithosphere Institute, Russian Academy of Sciences; 
Geography Institute, Russian Academy of Sciences; 
UDC 551.579.46:910.1] 


[Abstract] On the basis of an analysis of widely available 
data on the atmospheric content of atmospheric carbon 
dioxide during the last hundred years the contradictoriness 
of current estimates of the anthropogenic 1mpact on climate 
is shown and new conclusions are drawn concerning the 
possible influence of the ‘“‘greenhouse effect” (both favor- 
able and negative) on man’s vital functions, photosynthesis 
and the productivity of cultivated plants. The significant 
potential impact of a climatic warming on the peoples living 
in various zones of the former USSR are outlined. Some 
semiarid and arid areas will benefit from increased precip- 
itation, others will suffer from increasing frequency of 
droughts and the arctic regions may exhibit the greatest 
changes, requiring physiological and psychological adapta- 
tion by the inhabitants of all these areas. A serious critique 
is given of the conclusions drawn in the report of the UN 
Commission on State of the Environment with respect to 
the rapid rising of the level of the world ocean due to a rise 
in temperature and an increase in the volume of sea water. 
It is shown that the scale of present-day vertical movements 
of the crusi (tectonic subsidence) exceeds the variations of 
this level by an order of magnitude and this 1s 1n fact the 
ved sea level changes. The 

ect has in fact been 
greatl\ consequences have 
been understated. With respect to the impact on photosyn- 
an increase in atmospheric 
humidity in general 


factor responsible for some opse! 
negative impact of the greenhouse ef] 


exaggerated, and the positive 


thesis and plant productivit) 


C(Q,, an increase in temperature and 
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will be beneficial to them, whereas a decrease in solar 
radiation due to increased cloud cover will have a negative 
effect. It is very important for economic activity in Russia to 
have precise information on all the physiographic parame- 
ters which are occur in its territory with different degrees of 
warming. This can be accomplished either by mathematica! 
simulation or by an analysis of the paleogeographic condi- 
tions prevailing during preceding warming epochs. The 
latter approach will be used in subsequent studies by the 
authors which will be devoted to time periods when the 
temperature was |-2° and 2-3° greater than the present-day 
level. References 22: 12 Russian, 10 Western. 


The Circulation of Industrial Hydrocarbon Compounds 
in the Geosystems of the Lake Baykal Basin 


947NO00I10A Novosibirsk GEOGRAFIYA I PRIRODNYYE 
RESURSY in Russian No 2, Apr-Jun 1993 pp 68-72 


[Article by V. A. Snytko and T. E. Afonina] 


[Abstract] An analysis was made of the distribution of 
industrial hydrocarbon compounds which act as pollut- 
ants in the geosystems of the Lake Baykal Basin. The 
analysis was performed by using landscape-geochemical 
theory and methods, and was based on the use of 
infrared analysers and pyrolisers, as well as on up-to-date 
physical-chemical methods of analysis of molecular com- 
position through the use of chromato-mass spectrometry 
and spectrofluorimetry. 


Hydrocarbon pollutants, generally in the form of petroleum 
products, enter the geosystems of Lake Baykal as sewage and 
waste products from factories, from automobile and water 
transport, and as spills resulting from various types of 
accidents, mostly those occurring on railways. 


Hydrocarbon industrial pollutants come from two main 
sources—local and regional. Local sources are factories 
located directly on the shores of Lake Baykal, whose sewage 
and airborne industrial waste have an effect to within a 
radius of a few dozen square kilometers. Regional sources 
are very large factories which are located beyond the con- 
fines of the Lake Baykal Basin. The effect of these exceeds 
that of the local sources and their air- and water-borne 
pollutants may have an effect over an area of as much as 
several thousand square kilometers. 


Table | shows the forms in which the hydrocarbon pollut- 
ants enter the geosystems of the Lake Baykal Basin. The 
chief forms of local pollutants are sewage and airborne 
waste from factories, spills of petroleum products 1n railway 
and water transport accidents, losses in the storage, use, and 
shipment of fuel, and products of incomplete combustion tn 
water transport, in the same order of importance. The chief 
forms of regional pollutants are by transfer through the 
atmosphere and from river-borne sewage. The migrational 
forms of these pollutants, as films, emulsions, sorbents, or 
solutions, are also indicated. 


Table 2 shows the various factories and installations which 
are the chief sources of local hydrocarbon pollutants. These 
are determined by an analysis of the sewage of the various 
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installations after it has been processed by purification 
facilities. The chief local sources of pollutants as shown here 
are the Ulan Ude Industrial Complex, located on the 
Selenga River (a tributary of Lake Bayka!), which transfers 
49,300 tons of hydrocarbons per year into Lake Baykal, and 
the Baykal Cellulose Paper Combine on the shore of Lake 
Baykal, which transfers 38,000 tons of hydrocarbons into 
the lake per year. The main regional sources of pollutants 
were found to be the Irkutsk-Cheremkhovsk Industrial 
Complex, located in the cities of Irkutsk, Shelekhov, 
Angarsk, Usol’ye Sibirskoye, and Cheremkhovo, whose air- 
borne pollutants enter the geosystems of the Lake Baykal 
Basin, and secondly the series of factories located on the 
Sclenga River, a tributary of Lake Baykal, which transfer 
industrial pollutants into the lake in the form of river-borne 
sewage. 


An analysis of hydrocarbons present in the snow cover of 
regional high mountain ranges, including the Khamar- 
Daban, the Primorskiy, the Barguzin, the Baykal, and 
the Synnyr, has shown them to be present in varying 
quantities depending on the locality, the greatest concen- 
tration being in the Khamar-Daban. 


The industrial origin of the hydrocarbons found in the 
waters of Lake Baykal as well as in the mountain 
geosystems 1s clearly indicated by the presence of poly- 
cyclic aromatic hydrocarbons, such as benzopyrene and 
benzoperilene among others. The investigations showed 
that industrial hydrocarbons are entering the geosystems 
of the Lake Baykal Basin both from local and regional 
sources, and that they can be identified by using the 
comparative method of component analysis, particularly 
of the polycyclic aromatic hydrocarbons benzopyrene 
and benzoperilene, which can be found both in rainfall, 
in soils, and in bottom sediments. 


A Study of the Ecological Consequences of the 
Intensification of Agriculture in Moscow Oblast 


947NO010B Novosibirsk GEOGRAFIYA I PRIRODNYYE 
RESURSY in Russian No 2, Apr-Jun 1993 pp 132-134 


[Article by S. G. Pokrovskiy and T. G. Bozh’yeva] 


[Abstract] A study was made of farming methods in 
Moscow Oblast, which is one of the most agriculturally 
productive areas in Russia, and has a crop yield and 
livestock production 2-2 '/2 times higher than that of any 
of the other oblasts lying outside of the black earth 
region. To a greater degree than other regions Moscow 
Oblast also has economic advantages, such as working 
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capital, labor resources, and the is? mune 
and organic fertilizers. The intensification of agriculture 
in this region has however created ecologica! problems. 
particularly in the areas which are in of close to the 
suburbs of the city of Moscow. Chiet among these 
problems is the increase in unused : 
fertilizers—(this in spite of the fact that the increased use 
of mineral fertilizers does not seem to have t 
effect of increasing crop yicid). Organic fertilizers, only 
25-30% of which are utilized by the fais of the region 
thus are allowed to accumulate, ana in the form of liquid 
manure enter the local drainage system, where they 
become major sources of pollution in reservoi 
ground water. 


The author compares two groups of fa con g 0 
over 20 farms each, 1n two different areas of Moscow 
Oblast, which have widely different soi! types and inten- 
sity of cultivation. One group in the southern region of 
the oblast has rich, black-earth soils and low intensity of 
cultivation, while a second group next to the western 
suburbs of Moscow has poorer, Medium to highly pod 
zolic, loamy soils and high intensity of cultivation 
groups used organic and mineral fertilizers in equal 
proportion, but the second group used app: 
twice as much of each as the first. If was for thatin the 
course of 15-20 years (1967/70-1985) the use of fertil 
izers had raised the potassium and phosphoru ten 
of the poorer soils in the suburban Moscow group of 
farms to the point of being equa! or bett ha 
the southern group with richer soils, but during the 
course of 15 years (1970-1985) the yield of wheat and 
other crops in both groups had declined. th: yup under 
intense cultivation (near Moscow) to a legres 
than the second. Although having positive | leftect 
the intense cultivation proved to have pal Hts in 
the long term as a result of exhaust 


Asa means of solving both t! olos n)and 
agricultural problems of Mos Ciblast ecifically 
those in the areas near Mosc: 
accumulations of unused ' tes ind the 
over-use of mineral fertilizer ts tha 
the farms on the outskirts of Mo ire now 
predominantly engaged in animal | ' 
verted to farms of a type which if 

as nurseries, which mainly use greenh r plant 
cultivation. He also suggests that t f 
agriculture be moved awa‘ 
of Moxcow and into the out!\ y last 


- 
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AGRICULTURAL SCIENCE 


Small Nlicrowave Liquid Foodstuff Pasteurizer for 
Private Farms 
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(hromatographic Analysis of Ephedrine and 


I phedron in Biological Specimens 
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Ministry of Defense (M.S. Riven 
| Toxicological ( hem- 


Health Authority of th 


son, Director) and the Department « 


istry (Protessor B. N. Izotoy, Department Chair) of the 
Moscow Medical Academy iment |. M. Sechenov; sub- 
mitted 21 Sep 93; UDC 340.67:[616-008.9:615.217.22}]- 


§43.544 


reliable techniques 
and 
in biological specimens, a study was done 
to determine whether thin-layer, liquid, and gas chro 
matographic methods could be test for the 
presence of these substances in human urine. The urine 
samples were prepared by adding a 5% solution of 
sodium hydroxide to 10 ml of urine to bring the pH up to 
10.0-11.0 and using chloroform or benzene to extract the 
target substances. Thin-layer chromatography was per- 
formed on a Silutol wafer 15 x 15 cm in a chloroform- 
toluol-acetone-ethanol-25%-ammonia solution system. 
Ihe R, readings were 0.28 for the ephedrine and 0.56 tor 
the ephedron. For the liquid chromatography, a 
Milikhrom-4 chromatograph with a UV detector set for 
210 and 250 nm and a standard 62 x 2 stainless steel 
column packed with 5 um of reversed-phase Separon C,, 
4 Khrom-5 with a flame tonization 
Phe 200 x 
1: glass column was packed with 10% Carbowax 1500 
on AW-DMCS inerton***. For both the gas and liquid 
chromatography, the dry extract residue was dissolved in 

| of methanol and |! ul of the solution was put into 
the column. It was found that both gas and liquid 
chromatography can be used to quantitatively measure 
phed ind ephedron concentration in urine and 
other biological specimens and to increase the reliability 


(Abstract] As there are presently no 


for identifyving the 
“** 


presence of ephedrine 


ephedron 


used to 


sorbent was used 


‘ctor was used for the gas chromatography 


ind sensitivity of forensic analysis. Liquid chromatog- 
raphy has the additional advantage of being able to 
imultaneously isolate other related chemical sub- 
tances. Figures 4, tables 2: references 3: Russian 


Isolation and Detection of Actellic Using 
[hin-Layer Chromatography During Forensic 
Chemical Analysis of Cadaver Organs 

170 0300B Moscow SUDEBNO-MEDITSINSKAYA 
EKSPERTIZA in Russian No 1 1994 pp 28-30 
Scientific Research Insti- 
of the RF Ministry of Health 


[Arti f N \ Crorba neva 


tute of Forensic Medicine 
(Professor A. P. Gromov, corresponding member of the 
Russian Academy of Medical Sciences, Director); sub- 
mitted OR Sep 1993. LIDC 3440.624.6 340.67] 
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hours later. As a rule, the organ tissue was used 2-3 days 
alter death, but in some cases, partially decomposed tissue 
from corpses stored at room temperature for 5 to 6 days was 
also used. To isolate the Actellic from the organ tissue, the 
tissue was infused with hexane in the presence of anhydrous 
sodium sulfate. Tissue extracts were obtained using extrac- 
tion redistribution in a solvent system of hexane and 
dimethylformamide. The Actellic was separated from the 
lissue extracts by applying a 6 to 6.5-cm strip of extract 
solution to a layer of either silicic acid or KSK silica gel, 
with the silicic acid providing the more definite resolution. 
Chloroform desiccated with sodium sulfate was used as the 
solvent. The R, values were 0.50 to 0.56 for the silicic acid, 
and (0.48 to 0.52 for the silica gel, with a 49 to 52% recovery 
of the | mg of Actellic added to the organ tissue. The 
purified extract was analyzed thin-layer chromatographi- 
cally on Silufol (one- and two-dimensional analysis) and 
KSK silica-ge! (two-dimensional analysis) plates, using pre- 
desiccated chloroform as the solvent. The method described 
makes it possible to detect from 0.6 to 0.12 mg of Actellic, 
as well as other organophosphoric pesticides, in a single 
weighed quantity of 25 g of human organ tissue. References 
18: 14 Russian, 4 Western. 


Upgraded Tsvet-102 Chromatograph 


947C0300C Moscow SUDEBNO-MEDITSINSKAYA 
EKSPERTIZA in Russian 1994 No 1 pp 32-33 


[Article by V. D. Yablochkin, Bureau of Forensic Med- 
icine at Moscow State University (Associate Professor V 
V. Zharov, Director); submitted 17 Mar 1992; UDC 
615.471.03- 07:543.544].07:340.621] 


{Abstract} Several modifications were made to the Tsvet- 
102 chromatograph to make it more suitable for use during 
autopsies performed on fire victims. One modification was 
the addition of a gas-stream distribution panel consisting of 
four stainless-steel needle shut-off valves and piping with an 
internal diameter of 5S mm mounted on a vinyl frame. The 
thermostat of the TK-15 columns was fitted with two 
gas-sample injectors that work at room temperature. The 
thermal conductivity detectors were connected to the injec- 
tors via extra openings in the TK-15 unit. The operation of 
the upgraded chromatograph was briefly described and 
illustrated. The modified Tsvet-102 was used successfully to 
simultaneously measure carbon monoxide, acrylonitrile, 
methyl methacrylate, styrene, toluene 2.4-diisocyanate, and 
other plastic combustion by-products in blood. Figures | 


Acceleration of Destruction of Pesticides With Aid 
of Association of Bacterial Cultures 


Voscow BIOTEKHNOLOGIYA in Russian Vol. 6 Jun 
93, (manuscript received 19 Apr 93)pp 29-33 

{Article by I. A. Butorova, V. P. Zobnina, L. V. Zorina et 
al., Scientific Research Institute for Biosynthesis of 
Protein Substances UDC 632.95:631.472.8] [Signed to 
Press 19 Apr 1993] 


[Abstract] A study of the possibility of accelerating 
destruction of a mixture of pesticides of different classes 


LIFE SCIENCES 159 


by use of a microbiological method used a mixture of 
pesticides of the following composition: simazine 
sodium trichloracetate, prometrin, bellnat, xenozone, 
2M-4x, ramrot and hexachlor obtained from an agro- 
chemical warehouse in Vitebsk. The degree of decompo 
sition of the pesticides was judged by the toxicity of 
samples, determined by the use of the test organism 
Tetrachimena pyriformis. Application to the soil of a 
compost containing microorganisms adapted to the pes- 
ticiides significantly accelerated the rate of decomposi- 
tion of pesticides by the soil microflora. Figures 9; 
references 10: 2 Russian; § Western 


Biosynthesis of Solvents by 2-Deoxy- 
D-Glucose-Resistant Mutants of Clostridium 
acetobutylicum 

947C0294B Moscow BIOTEKHNOLOGIY A in Russian 


No. 8, Aug 1993 (manuscript received 08 Jun 1993) 
pp 10-12 


[Article by I. K. Lyubimova, M 
Lukina, S. K. Abilev, V. A. Livshits, Genetics and 
Selection of Industrial Microorganisms Scientific 
Research Institute, Moscow; UDC 578.8] 


A. Velikaya, G. P 


[Abstract] The objective of this investigation was to 
produce and study C. acetobutylicum mutants whose 
amylolytic activity was not sensitive to the inhibiting 
effect of glucose. The C. acetobutylicum culture was 
treated with N-methyl-N’-nitro-N- nitrosoguanidine and 
ethylmethanesulfonate to produce the mutants. Then, in 
order to isolate the mutants whose amylolytic activity 
was not sensitive to glucose, the mutants were placed in 
fresh medium with starch and 2-deoxy-D-glucose as 
sources of carbon and energy. The results showed that 
the mutant colonies hydrolyzed large amounts of starch 
quite well, while the wild type bacteria could not hydro 
lyze starch in the presence of glucose. Comparison of the 
characteristics of mutant C. acetobutylicum bacteria in 
flour and flour- molasses cultures revealed that the 
bacteria were much more active in the latter. In addition, 
it was found that the mutants produced large quantities 
of gas as well as biosynthesized organic solvents (ace 

tone, butanol, ethanol). In conclusion, further research 15 
needed to assess their possible use in industry. Figures | 

tables 2; references 6: 5 Russian, | Western 


Suspension Cultivation of Hybridoma Cells in 
‘CelliGen’ Unit 
940 7C0294C Moscow BIOTEKHNOLOGIY A in Russian 


No. 8, Aug 93 (manuscript received 29 Jun 1993) pp 17-20 


[Article by A. V. Kulyavtsev, Yu. S. Malofeyeva, S.M 
Ambrosova, V. A. Ambrosov, Bioorganic (hemustry 
Institute iment M. M. Shemyakin and Yu. A. Ovchinns 


kov, Russian Academy of Sciences, Moscow, Russian 
Federation Engineering Academy, UDC 5$7.086.83 
$76.532] 

[Abstract] The objective of this investigation was to 
compare three different systems for increasing the yield 
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of monoclonal antibodies in the cultivation of hybri- 
domas using a deep suspension method. The authors 
employed hybridoma line 3B4, which produces mono- 
clonal antibodies to Arabis mosaic virus. The maximum 
vield with periodic cultivation averaged 95 percent, with 
35x 10° cells/ml with an initial inoculation dose of 
0.64x10° cells/ml. The final antibody concentration in 
this system was 2.5 pg/ml following 6 days of cultivation. 
I! his process was characterized by a sharp decrease in the 
glucose concentration in the medium within the first 2 
days of cultivation. It was found that the increase in the 
number of monoclonal antibodies produced by the 
hybridomas depends on the number of producing cells 
and on the production of monoclonal antibodies per cell. 
It was hypothesized that for the maximum accumulation 
of monoclonal antibodies, as many cells as possible are 
needed, and that they need to be sustained as long as 
So to improve the initial system, researchers 
added the limiting components of the medium (glucose 
and glutamine) to extend cell viability. However, there 
an increase in the lactate concentration and 
ammonium ions, which suppressed cell growth. As a 
final modification of this system, researchers changed 20 
percent of the medium on the second day, and 50 percent 
on the fourth day. In conclusion, the results show that 
periodic suspension cultivation is not the most efficient 
method of producing monoclonal antibodies. However, 
adding the individual components of the medium 
increased antibody yield two- to seven-fold, so these 
methods may actually become the basis for large scale 
production of monoclonal antibodies in suspension cul- 
tivation. Figures 5; references 16: 5 Russian, |] Western. 
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Rapid Nlethod for Determining Sensitivity of Rift 
Valley Fever Virus to Antiviral Preparations 

94D Moscow BIOTEKHNOLOGIYA 

Russian No. 8, Aug 1993 (manuscript received 
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Article by V. N. Lebedev and O. A. Lomachenkova, 
Virology Center, Microbiology Scientific Research Insti- 
tute, Sergivev Posad, Moscow Oblast; Microbiology Sci- 
entific Research Institute, Kirov, Moscow Oblast; UDC 

18. 833.2 085.2] 

[Abstract] The objective of this investigation was to 
develop a rapid method for determining the sensitivity 


yf Rift Valley Fever (RVF) virus to antiviral prepara- 
tions such as virazole and reaferon. A culture of kidney 
cells trom African green guenon (SMK-AN-1) was 
infected and labeled with fluoresceinisothiocyanate 
(FITC). The results showed that the virus-specific 
intigen appears in the cytoplasmic membrane 18-24 


hours after infection. Treatment with the immune serum 
r the formation of a stable antigen/antibody 
piex labeled with FITC, which illuminates the 

ted cells. Analysis of the data indicated the marked 
hibiting the accumulation of RVF _ virus 
membranes of the infected cells when 
ind reaferon (in recommended concentrations) 
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are used. The fluorescent antibody method makes pos- 
sible rapid assessment of the effectiveness of antiviral 
preparations with respect to RVF virus. In conclusion, 
this method can be used to assess newly developed 
chemical preparations and interferon inducers to predict 
specific activity against RVF virus. It can also be used to 
assess the sensitivity of other viruses to preparations. 
Tables 1; references 14: 7 Russian, 7 Western. 


Impact of Temperature Collapse of Matrix on 
Immobilized a- Chymotrypsin Activity 


947C0296B Moscow BIOTEKHNOLOGIYA in Russian 
No. 5, May 93 (manuscript received 01 Mar 1993) 
pp 36-39 


[Article by L. V. Sigolayeva, N. L. Yeremeyev, N. F. 
Kazanskaya, Moscow State University imeni M. V. 
Lomonosov, Moscow; UDC 577.15.03;036] 


{Abstract] The objective of this research was to investi- 
gate the relation between the observed activity of a- 
chymotrypsin immobilized in poly-N-isopropylacry- 
lamide gel and the factors affecting phase transition into 
the gel matrix and suggest possible applications of such 
systems. The collapse of the gel matrix at temperatures 
above the low critical point of the solution decreases the 
enzymatic activity of a- chymotrypsin, which 1s 
covalently bonded to the gel. The results showed that the 
temperature function of the native enzyme 1s linear 
throughout the temperature range used, but the immo- 
bilized enzyme only adheres to Arrhenius’ law at 20°- 
36°C. However, the effect of ionic strength on collapse of 
thermoreversible gels is more complex, with swelling or 
dehydration of the specimen occurring depending on the 
charge of the network. Findings of additional research 
revealed that enzymes immobilized in thermoreversible 
gel matrixes can work continuously in the heating- 
cooling mode from cycle to cycle without altering the 
activity of the biocatalyst at certain temperatures. In 
conclusion, the research shows that films made of ther- 
moreversible gels with enzymes immobilized in them 
can be used as membranes for biosensors. Figures 6; 
references 19: 3 Russian, 16 Western. 


Videodensitometer "Densiscan-1° for Quantitative 
Thin Layer Chromatography 

947C0296C Moscow BIOTEKHNOLOGIYA in Russian 
No. 5, May 93 (manuscript received 01 Mar 1993) 

pp 44-47 


[Article by S. K. Abilev, A. F. Vaysburg, V. G. Degtyar, 
I. Ye. Yezhova, G. P. Lukina, A. P. Tarasov, B. V 
Tyaglov, Ye. V. Degterev, V. M. Krylov, A. P. Novitskty, 
M. I. Polubentseva, I. I. Malakhova, V. D. Krasikov, 
Genetics and Selection of Industrial Microorganisms 
Scientific Research Institute, Moscow; TsKhLS- 
VNIKhFI [expansion not provided], Moscow; Yupiter 
Scientific Production Association, St. Petersburg, Len 
khrom Scientific Production Center, St. Petersburg; 
UDC $§19.174:25:543.544] 
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[Abstract] The objective of this investigation was to 
obtain and compare the metrologic characteristics of 
techniques for determining the content of L-lysine, L- 
homoserine, L-threonine, and vitamin B,, in cultural 
fluids. The researchers employed binary elution, in 
which a plaque 1s forced in the direction the eluent is 
travelling when the mobile phase reaches the sorbent 
containing the probe. Using this method, the researchers 
were able to achieve round plaques and uniform 
staining. This method was also shown to be effective in 
separating homoserine from alanine and valine. The 
metrologic characteristics of the techniques for deter- 
mining the number of probes (amino acids, vitamin B,,, 
factor Ill) were compared on two densitometers and with 
chromatospectrophotometry. The results showed that 
the coefficients of variation were quite high in the latter, 
7-11 percent. The Shimadzu CS-920 densitometer also 
varied in its results more than the Densiscan-1. This 
variation was attributed to inaccurate setting of the 
indicator with respect to the center of the plaque. Fur- 
thermore, it took the Shimadzu 90 minutes to analyze 21 
tests and process the data, while it took the Densiscan 
only 5-7 minutes. In conclusion, the Densiscan-1 1s very 
efficient and easy to use and appears quite promising for 
large scale production. Tables 1; references 10: 
6 Russian, 4 Western. 


New Primer for Conditioning Mice Before 
Inoculation of Hybridoma Cells 


947C0305A Moscow BIOTEKHNOLOGIYA tn Russian 
No. 10, Oct 1993 (manuscript received 14 Oct 1993) 
pp 16-17 


{Article by G.V. Vikha, V.I. Maksimov, M.L. Leonova, 
A.M. Koroleva, O.V. Mavrina, Ye.P. Kachanova, A. Yu. 
Baryshnikov, R.I. Yakubovskaya, and T.A. Karmakova, 
Oncology Scientific Center, Russian Academy of Med- 
ical Sciences, Moscow, and Moscow Oncologic Scientific 
Research Institute imeni P.A. Gertsen, Russian Federa- 
tion Ministry of Health, Moscow; UDC 57.083.223] 


[Abstract] Water-soluble oligosaccharides of chitin with 
degrees of polymerization ranging from 4 to 9 were used 
as primers to produce ascites in mice inoculated with 
hybridoma cells. Pristan (Oldrich, United States), Vase- 
line (pharmaceutical formula), and chitodextrin (pro- 
duced at the Biotechnology Joint-Stock Company) were 
used aS primers in experiments conducted on female 
BALB/c mice aged 2 to 4 months and weighing 18 to 25 
g each. IKO-10 hybridoma cells secreting IgM-class 
monoclonal antibodies to differentiation T cell antigen 
and IKO-25 hybridoma cells secreting IgG1-class mon- 
oclonal antibodies to antigen of the membranes of the fat 
globules in female milk were used in the experiments. A 
day after the mice had been conditioned, they were 
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collected. All ascites collected from a given experimental 
group of six mice were combined. The ascites were 
released from the cells and detritus by centrifugation at 
20,000 rpm. The volume of supernatant fluid and titers 
of the monoclonal antibodies were determined. The 
titers of IKO-25 monoclonal antibodies were determined 
on sections of mammary gland tumors as described 
elsewhere, and the titers of the IKO-10 monoclonal 
antibodies were determined as described yet elsewhere 
Chitodextrin was found to have induced the formation 
of a significantly greater volume of ascitic fluid than 
Vaseline and pristan given similar monoclonal antibody 
titers and ascitic tumor development times. When the 
mice were conditioned with chitodextrin, the losses of 
ascitic fluid in the centrifugation stage amounted to 
18-19 percent versus 24 percent when pristan was used 
and 28-37 percent when Vaseline was used. In a com 
parison of the effectiveness of chitodextrin and Vaseline 
as primers before mice were inoculated with IKQ-25 
hybridoma cells, the Ig fraction obtained with mice 
conditioned with Vaseline was 0.76 mg/ml versus | 42 
mg/ml for the mice conditioned with chitodextrin, and 
the antibody titer obtained in the case of the mice 
conditioned with Vaseline was 6,400 versus 100,000 tn 
the case of the mice conditioned with chitodextrin. The 
studies thus confirmed that chitodextrin may be used as 
a primer to condition mice before inoculation with 
hybridoma cells. The adjuvant effect of chitodextrin was 
also deemed noteworthy in that it may be used for 
vaccination against various infections and to 
physiological processes such as reproduction and growth 
by induction of an autoimmune response involving 
mobilization of effector molecules in vivo. Tables 
references 3 (Russian) 
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Using Heat Pumps To Dry Biotechnology Products 
947C0305B Moscow BIOTEKHNOLOGIY A in Russian 
No. 10, Oct 93 (manuscript received 12 Oct 1993 

pp 31-34 
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[Article by A.B. Ladenzon and | 
Scientific Research Institute of Biologicals 
UDC 573.6:621.577] 


[Abstract] The process of producing products via microbial 
synthesis 1s extremely complex and involves many techno 
logical operations, many of which must be conducted in 
aqueous solutions of nutrient media. Because most biolog- 
icals are manufactured in dry form with residual moisture 
contents of no more than 5-12 percent, drying 1s a necessat 

component of all biotechnology production processes. In 
convective dryers, a portion of the heat input ts lost with the 
exhaust air. This heat may be diverted for reuse by using 
surface heat exchanger-recuperators; however, puri! 
mixture of air and moisture removed from the biological 


ying the 





administered intraperitoneal injections of 2 x 10° IKO- being produced is a complex and expensive proce This 
10 hybridoma cells or IKO-25 hybridoma cells in 5 ml of = complexity, coupled with the recent sharp increases in the 
medium 199. Two doses of primer were studied: 3.6 and cost of energy carriers, has made tt crucial that ways be 
12 mg/mouse. After 12-16 days of culturing the hybri- found to improve the economy of drier units by king 
doma ceils in the mice’s bodies, the ascitic fluid was optimal use of the waste heat. One option that has been 
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effective in recovering heat in the chemical and food indus- 
tries 1s that of using heat pumps to extract heat at low 
temperatures and heat it to high temperatures in a cyclic 
process. A computer analysis was performed to assess the 
feasibility of a no-waste dryer unit that incluces a heat 
pump and closed heat carrier circuit. In the dryer consid- 
ered, air passes trom a drying chamber into a battery 
cyclone and then into a collector. The purified moist air is 
fed into a packed absorber filled with Rashig rings or some 
other packing. Packed absorbers are better for condensing 
excess moisture than are surface heat exchangers because 
they require less metal to manufacture and because they 
have better heat and mass transfer coefficients. The reflux 
water flows into a collector from where it is pumped through 
a heat exchanger-evaporator for refluxing, thereby closing 
the drying and cooling circuit. The excess rnoisture 1s 
extracted trom the latter collector and diverted to the first 
collector to be evaporated. Contaminants are removed 
along with water. In the heat exchanger, the water is cooled 
to a specified temperature by evaporation of the heat 
carrier. The latter's vapors are then compressed by a com- 
pressor and fed into a heat exchanger where they are 
condensed and their heat is extracted. After the pressure in 
the throttle valve after the heat exchanger is decreased, the 
condensate passes into the heat exchanger-evaporator, 
thereby closing the heat pump circuit. In the heat exchanger- 
evaporator, the heat of the phase transition of the working 
medium is passed through part of the heat exchange surface 
and transmitted to the purified dry air that is fecl in from the 
absorber by a ventilator. The gas that has been heated to the 
working temperature is passed through a radiator and 
directed into the drying chamber, thereby closing the drying 
agent circuit. Computer analysis established that using the 
proposed drier with a heat pump would make it possible to 
reduce the heat exchange surface by 42 percent and decrease 
the steam flow rate by 74 percent. Although this would 
increase electricity consumption by a factor of 4.7 and 
require the erection of an additional two-stage 11,200- 
nm ‘/h-capacity vacuum compressor, it would sul be advan- 
tageous in that it would result in an overall decrease in 
energy use of 4 GJ/h (Le., in a savings of “7.15 GJ/h in 
thermal energy minus 3.15 GJ/h in electricity for the heat 
pump). Figures 2; references 8: 6 Russian, 2 Western. 


Dynamics of Growth of Cells of Recombinant Strain 
of Escherichia colt in Experimental Aqueous 
Microecosystems Before and After "Floresicence’ of 
Green Algaes 

947C 0305SC Moscow BIOTEKHNOLOGIYA1 in Russian 
Vo. 10, Oct 1993 (manuscript received 21 Oct 1993) 

pp 35-38 


[Article by L.Yu. Popova, T.V. Pepeta, Ye. Ye. Maksi- 
mova, A.V. Brilkov, and N.S. Pechurkin, Biophysics 
Institute, Siberian Department, Russian Academy of 
Sciences, Krasnoyarsk; UDC 579.842.11] 


[Abstract] A study examined the growth dynamics of the 
Kk. colt strain Z 905, which contains recombinant 
plasmid pPHL? (Ap'Lux') carrying genes of resistance 
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to ampicillin and genes of a luminescent system con- 
sisting of the luminous bacteria Photobacterium leiog 
nathi cloned in the vector pUC18 under control of a 
lac-promoter. The said vector plasmid measured 2.7 
kilobases, and the cloned fragment contained all the 
genes required for expression of luminescence. An agar- 
ized medium was used to obtain isolated microflora 
colonies. Aquarium-type aqueous ecosystems (with vol- 
umes of 4 and 201) in which exchange of atmospheric air 
occurred and to which fish food was added were used. 
The microcosms were kept near a window under natural 
illumination. The biota included the following: higher 
green algae, green microalgae (Ankistrodesmus sp.), fish, 
microflora that developed spontaneously in the micro- 
cosms (micrococci, azobacters, cyanobacters, 
pseudomonads, and bacilli), and the /. co/i 905 that had 
been added to the microcosm. The optical density of the 
bacterial suspension was measured on a KFK-2 at a 
wavelength of 540 nm. The intensity of luminescence 
was determined on a luminometer. The clones were 
analyzed by seeding a cell culture on a dish with com- 
plete medium and with complete medium containing 
ampicillin. An MBI-15 was used to count the popula- 
tions of Protozoa and single-cell algae Ankistrodesmus. 
The numbers of yeasts and bacteria were estimated by 
seeding onto selective solid nutrient media, and the 
numbers of Lux’ and Lux cells were determined in 
darkness and light. Studies were conducted in the 
absence and presence of intensive florescence of the 
microalgae in the microcosm. In the absence of ‘flores- 
cence’ there occurred a rapid (within a week) decrease in 
the percentage of plasmid-containing F&F. coli cells (up to 
20 percent) in the microcosms and changes tn the plas- 
mid’s structure. Complete disappearance of the plasmid- 
containing cells did not, however, occur during the 
subsequent weeks of the S-month course of the experi- 
ment. In the presence of ‘florescence’ in the ecosystem 
because of the growth of Ankistrodesmus, there was 
virtually 100 percent perservation of the plasmid- 
containing cells in the population. The mayor conclu- 
sions of the experiments were as follows: 


¢ the population of recombinant /. coli 905 is fully 
competitive with heterotrophic microorganisms 1n 
aqueous laboratory microcosms and are successfully 
included in the food chain of microecosystems as a 
heterotrophic link; 

¢ given different levels of abiotic factors both during 
intensive florescence of microalgae and 1n the absence 
of florescence, F. coli containing recombinant 
plasmid (that has either completely or partially lost its 
incorporated fragment) was stably maintained tn the 
composition of the microcosm’s microflora during 
the entire course of the experiment; 

¢ transmission of plasmid to other representatives of 
the microcosms’ microflora was not observed in any 
of the experiments (apparently because of the low 
concentration of bacteria). 
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rhe results of the experiments performed demonstrated intibodies for binding the virus. The MAB B.2.6.8 wa 
the promise of using model ecosystems to obtain expe! found to be directed toward the virus-neutralizins 
imental data for purposes of predicting the probability of epitope. Figures 3, tables references 8: 2 Russian 
genetically engineering microorganisms in the environ Western 


ment. Figures 5; references 12: 6 Russian, 6 Western 
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kov, Russian Academy of Sciences, Moscow, and Polio- [Abstract] Ihe crystal-forming strain Bacillus laterosporu 
myelitis and Viral Encephalitis Institute, Russian 10-7< was Isolated rom dead insects as described el 
Academy of Medical Sciences, Moscow Oblast: UD¢ and studied to determine its insecticidal, antibioti 
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[Abstract] Monoclor al antibodies [M \Bs] to hepatitis \ ynvioliguifaciens I; i/iu nNevaltertup } herich 
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that are traditionally used in the alcohol industry both in 
the form of free cells and in the form of immobilized 
cells on a solid carrier. The maximum product formation 
rate and saturation constant found for C. tropicalis 649 
are between the values found for the same process 
indicators when free and solid carrier-immobilized cells 
of S. cerevisiae are used. The maximum ethanol forma- 
tion rate found for C. tropicalis 649 is less than that 
found when free cells of S. cerevisiae are used but higher 
than those obtained when S. cerevisiae cells immobilized 
on glass fiber are used because the biotransformation 
rate 1s not limited by diffusion processes during immo- 
bilization on a gas-liquid interface. The maximum eth- 
anol concentration for C. tropicalis 648 was nearly the 
same as for Saccharomyces and made it possible to 
ferment carbohydrate-containing substrates with sugar 
concentrations as high as 15 percent. When C. tropicalis 
649 cells were used, an immobilized cell productivity of 
up to 14 g ethanol/I/h was obtained in hydrolysis media 
and up to 28 g ethanol/I/h in media containing molasses. 
Figure |, tables 3; references 13: 8 Russian, 5 Western. 


Immobilization of Yeast Cells on Gas-Liquid 
Interface 


947C0308D Moscow BIOTEKHNOLOGIYA in Russian 
No. 9, Sep 1993 (manuscript received 9 Aug 1993) 
pp 28-30 


[Article by Yu.M. Polyak, A.I. Sizov, I.1. Balashevich, 
and M.S. Frid, All-Russian Scientific Research Institute 
of Hydrolysis of Plant Materials, UDC 663.52:576.8] 


[Abstract] A new biotransformation method for immo- 
bilizing cells on a gas-liquid interface was developed and 
used in a study of selected microbial synthesis processes 
involving the use of yeast cells immobilized on a gas- 
liquid interface. Yeasts obtained from the All-Russian 
Scientific Research Institute of Hydrolysis of Plant 
Materials were used in the experiments. The inoculum 
for biotransformation of furfurol was grown tn Ryder 
medium with 2 percent glucose and on wood hydrolysate 
containing 2 percent soluble matter and the following 
components (g/1): (NH4),SO4, 4; P,O., 0.5; and KCI, 0.5. 
The inoculum for the alcohol fermentation was pro- 
duced in 750-ml flasks under anaerobic conditions. The 
biomass concentration was determined gravimetrically 
and by counting cells in a Goryachev chamber, the total 
concentration of soluble matter was determined by the 
ebuliostatic method, and the ethanol concentration was 
determined on a Pye Unicam chromatograph. The fur- 
furol and furan-2-carboxylic acid contents were deter- 
mined by high-performance liquid chromatography on a 
Waters liquid chromatograph. The laboratory fermenter 
used was in the form of a flat-bottomed cylindrical vessel 
equipped with a three-tier turbine mixer with a rotation 
frequency of 1,440 rpm that contributed 2.0 kW/m? of 
its power to agitation. When used with a gas flow rate of 
0.5 cubic meters per cubic meter of culture fluid, this 
operating mode made it possible to form a stable gas- 
liquid emulsion with a gas content of 60-65 percent along 
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the height of the entire device. Cells of various alcohol- 
forming yeasts that were capable of flotation were immo- 
bilized during the process of their accumulation in the 
anaerobic stage on a gas-liquid interface created by using 
a mixer and feeding air in at a rate of | I/s. Once the 
fermentation process began, instead of feeding in air, the 
researchers recirculated the carbon dioxide formed 
during fermentation of the carbohydrate-containing sub- 
Strates. The fermentation was conducted continuously 
for 240 hours at a temperature of 34° and pH of 4.0. Cells 
immobilized on the gas-liquid interface were then used 
for anaerobic biotransformation of furfurol into furan- 
2-carboxylic acid in a process of 120 hours of continuous 
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[Article by A.L. Kovtun, N.A. Cherkasov, A.Z gui t | 
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feiognathi in different bacteria and may indicate meta- 
bolic and structural distinctions of the bacteria analyzed. 
Figures 3; references 20: 5 Russian, 15 Western 


Human Prolactin Gene: Enzymatic Synthesis and 
Cloning in Bacterial Expression System 
947C0315A Novosibirsk SIBIRSKIY BIOLOGICHESKIY 
ZHURNAL in Russian No. 6, Nov-Dec 1993 (manuscript 
received 03 Jun 93) pp 3-8 


[Article by T.V. Morozova, A.I. Muravlev and N.P. 
Mertvetsov, Novosibirsk Institute of Bioorganic Chem- 
istry, Siberian Branch, Russian Academy of Sciences; 
UDC 577.2:577.112] 


[Abstract] Conventional techniques of genetic engi- 
neering and in vitro enzymatic synthesis of the 5’-end 
oligonucleotide end were employed in the eventual 
cloning a 541 bp segment of cDNA encoding human 
prolactin in E. coli JM 109 [Mertvetsov, NP, et a;., 
Bioorg. Khim., 13(12):1687, 1987]. The vector system 
consisted of recombinant plasmid pBluescript Il SK HP 
and utilized fh-galactosidase a-peptide translation frame. 
A bacterial clone was isolated that yielded a 26.5 KD 
protein lacking in the untransformed bacteria. The pro- 
tein was identified as complete human prolactin bearing 
a 38 amino acid sequence on the N-terminus corre- 
sponding to the a-peptide. Figures 3; references 6: | 
Russian, 4 Western 


Possibility of Using Salmonella cya and crp 
Mutants as Vectors for an Oral Recombinant 
Vaccine 

947C0317B Moscow VESTNIK ROSSIYSKOY AKADEMII 
VEDITSINSKIKH NAUK in Russian No 4, Apr 1994 

pp 62-63 


[Article by M. N. Boychenko, A. A. Vorobyev, V. V 
Gusev, S. N. Tymchuk, Moscow Medical Academy 
imeni I. M. Sechenov; Scientific Research Institute of 
Applied Microbiology, Moscow Oblast, settlement of 
Obolensk; UDC 615.371.012.6] 


[Abstract] The natural ability of Salmonella to invade 
the small intestine and to persist in regional lymphoid 
tissue served as the reason for its consideration as a 
vector for a recombinant vaccine. Mutations 1n the cya 
and crp genes result in reduced virulence, with the 
invasiveness remaining intact. The two mutants lack a 
marker for antibiotic resistance. The researchers here 
studied the ability of a double cya, erp S. typhimurium 
B-2/1 mutant to survive in albino rats, calves, and 
primates. Virulence in the rats dropped to 4.7 x 10’ CFU 
and persisted for 2! days. The mutant produced an 
immune response in all the animals tested. Figures 1, 
references 10: 4 Russian, 6 Western. 
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Hybrid Recombinant Proteins: Structure, Properties, 
and Application 

947C0317A Moscow VESTNIK ROSSIYSKO) 
AKADEMII] MEDITSINSKIKH NAUK in Russian 

No 4, Apr 1994 pp 46-51 


[Article by N. N. Urakov, G. V. Veryasova, B. N. Sokov, L. 
I. Kavyzina, N. L. Sergeyeva, Scientific Research Institute 


of Applied Microbiology, Moscow Oblast, settlement of 


Obolensk; UDC 615.917.547.96].03.015.5.07] 


[Abstract] The search for specific drugs that perform the 
function of selective elimination has led to a new class of 
substances—immunotoxins. Since the most widespread 
techniques for the creation of such substances involve 
the chemical combination of catalytic and receptor- 
binding components and are time-consuming, biotech- 
nology-based techniques are viewed as an alternative. 
The specificity of immunotoxins created with the alter- 
native of biotechnology is determined by their ligand 
components—1.e., fragments of monoclonal antibodies, 
interleukin and interferon molecules, Staphylococcus 
protein A, Streptococcus protein G, etc. Microbial and 
plant toxins whose targets are cellular structures, orga- 
noids, or the entire eukaryotic cell serve as the catalytic 
component. Four groups of 1mmunotoxins have been 
delineated. Group | consists of the diphtheria toxin and 
the exotoxin A of Pseudomonas aeruginosa, with elonga- 
tion factor 2 as their target. Toxins of group 2 have the 
G-regulatory protein as their target: the cholera toxin, 
the pertussis toxin, the /. coli thermostable toxin, and 
the principal Clostridium toxins. The third group of 
toxins inactivate the 60S subunit of ribosome: shigellosis 
toxin and shigellosis-like toxins. The invasive adenylate 
cyclases Baci/lus anthracis and Bordetella pertussis make 
up the fourth group, along with the botulism and tetanus 
toxins. Their target 1s the cytoplasm of the eukaryotic 
cell. Research 1s being done to use the immunotoxins to 
treat cancers and AIDS. For AIDS, attempts are being 
made to bind the toxins with CD4 molecules. The 
greatest immediate promise held by the immunotoxins 1s 
for the treatment of metabolic, autoimmune, and allergic 
diseases. References 45: 6 Russian, 39 Western. 


EPIDEMIOLOGY MICROBIOLOGY, 
AND VIROLOGY 


Sociocultural Differences Associated With the 
Death Rate in Russia 

947(C 0277 Moscow ZDRAVOOKHRANENIY} 
ROSSIYSKOY FEDERATSII in Russian No. 12 

Dec 1993 [manuscript received 4 Mar 1993] pp. 18-21 


[Article by Ye. M. Andreyev, V. M. Dobrovolskaya, 
Institute of Statistics and Economic Research, Gosko- 
mstat of the Russian Federation, Moscow: UD(¢ 
312.2(470)} 


[Abstract] The data from the most recent census (1988- 
1989) were analyzed to ascertain indirect links between 
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the death rate and the two factors of education and job 

For individuals between the ages of 20 and 70, it was 
found that the higher the level of education, the lower the 
death rate. Differences in that rate were more pro- 
nounced among men than among women. For example, 
the expected life span of men who finished college-level 
studies was approximately five years longer than that of 
men who had not finished such studies, it was seven 
years longer than that of men who had not completed the 
equivalent of a high-school education. Among women of 
those groups, the difference was two years in each case. 
In 1989, about 20 percent of the men who had a 
college-level education (complete or incomplete) and 10 
percent of the women of that group failed to reach the 
age of 60; those figures jump to 40 percent and 20 
percent, respectively, among individuals with a high 
school education (complete or incomplete). Among men 
and women with an education higher than high school, 
the death rate from exogenous causes, as well as from 
endogenous causes, was close to that recorded in Great 
Britain, the United States, Germany, France, and Japan 

IT wenty-year-old with jobs that involve physical labor are 
less apt to reach the age of 60 than are 20-year-olds 
whose jobs involve mental work. Some 25 percent of the 
work force in Russia in the late 1980s had a higher 
education. References 4 (Russian) 


MEDICINE AND PUBLIC HEALTH 


Radioactive Contamination of Techa River in 
Urals 

947C0257B Yekaterinburg EKOLOGIYA in Russian 
No. 5, Sep-Oct 1993 (manuscript received 4 Mar 93) 

pp 72-77 

[Article by A.V. Trapeznikov, V.N. Pozolotina, M.Ya 
Chebotina, V.N. Chukanov, V.N. Trapeznikova, and 
N.V. Kulikov, Institute of Plant and Animal Ecology and 
Institute of Industrial Ecology at Russian Academy of 
Sciences, Urals Department; S.P. Niel \ark- 


Isen and A 
rog, Riso National Laboratory, Denmark, UD¢ 
574,577.39] 


Nie 


[Abstract] A study of the Techa river in the Urals was 
made concerning its ecosystem and particularly radioac 
tivity levels, this river being part of the Iset- 
Tobol-Irtysh-Ob water system and passing by the Mavak 
(Pendulum) nuclear power plant built on its shore. 
Specimens of water, soil (peat, silt, sand), water, and 
hydrobions (plants, fish) were tested for “Sr, '*'Cs 
?59249Puy contents. Samples were 1990 
from four places: Nadyrov bridge and villages Muslyu 
movo, Verkhnaya (Upper) Tech, Zatechenskoye (across- 
the-Tech). Analyses for ?°Sr and '*’Cs determinations 
were performed by the Department of Continental Radi 
oecology at the Institute of Plant and Animal Ecology, 
(Urals Department, Russian Academy of Sciences) 
Analyses for determinations of °°? °*’Pu, also of -*' Am 
were performed in the Riso National Laboratory in 
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Denmark. The data have revealed an inverse exponen- 
tial dependence of the radionuclide concentrations on 
the radionuclides and also of °°C on the distance from 
the dump site. Their total content in the water and in the 
soil were calculated as finite integrals of inverse power 
functions of that distance, the inverse power exponents 
and both integration limits having been established 
semiempirically: in water approximately 10’ Bq °°Co, 
2x10'° Bq °°Sr, 10° Bq '*’Cs, 10° Bq 739:74°Pu; in the 
soil (mean linear density of 0-10 cm deep layer 150 
kg/m?) 3x10'' Bq ?°Sr, 6x10'? Bq '3’ Cs, 8x10" Bq 
°39.240Du There have been determined the concentra- 
tions of those radionuclides in hydrobions such as Cer- 
atophillum demersium L., Carassius, Elodea canadensis 
L., also the power levels of irradiation doses from 
outside source along the river. Noteworthy ts the close 
agreement between the '*’Cs determinations made in 
the two laboratories. Tables 5; references 10. rt 


Bioremediation of Soils Contaminated With 
Simazine 


947C0240B Moscow AGROKHIMIYA in Russian 
Vo. 12 Dec 93 {manuscript submitted 16 Jul 1993] 
pp 75-8] 


[Article by L. A. Golovleva, Z. I. Finkelshteyn, Yu. V. 
Shurukhin, L. M. Baryshnikova, Institute of Biochem- 
istry and Physiology of Microorganisms, Russian 
Academy of Sciences, Pushchino, Moscow Oblast; UDC 
632.954:631.95] 


[Abstract] Pesticides used on a long-term basis for the 
same crop accumulate in the soil in large quantities, 
causing the soil to lose its fertility. Sym-triazine herbi- 
cides—such as simazine and atrazine, which bind solidly 
to the soil—are particularly problematic in that regard. 
The work reported here focuses on one of the technolo- 
gies that 1s used to remove such pesticides from soil—the 
activation of the destructive ability of natural micro- 
flora, specifically, their ability to break down residual 
simazine. Bioremediation experiments were conducted 
with simazine-contaminated cultivated gray forest soil 
planted with buckwheat, but sans plant cover (Tula 
Oblast). In studying the effects of potassium and phos- 
phorus sources, the green mass of weeds, and succinic 
acid on the decomposition of simazine, the researchers 
found that various techniques could stimulate the 
destructive properties of natural microflora—i.e., wet- 
ting of the soil, periodic loosening of the soil, and 
introduction of sources of potassium and phosphorus. 
[he introduction of additional green mass led to an 
increase in the total microflora population, but did not 
accelerate the process of the degradation of the toxicant. 
Succinic acid demonstrated a stimulating effect, and 
acceleration of the breakdown of the herbicide correlated 
with an increase in the bacterial population, thereby 
indicating that that cosubstrate is effective for the micro- 
flora responsible for the degradation of simazine. The 
results are being tested further at the Bolotov Kolkhoz. 
Figures |, references 7: 4 Russian, 3 Western. 
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Segregation Distortion in Chronically Irradiated 
Populations of Pinus sylvestris L. Growing in the 
Area of the Chernobyl Nuclear Power Plant 
Accident 


947C0309A Moscow GENETIKA in Russian 
Vol. 30 No. 1, Jan 1994 (manuscript received 
13 Nov 1992) pp 126-128 


[Article by A.V. Rubanovich and V.A. Kalchenko, Gen- 
eral Genetics Institute imeni N.I. Vavilov, Russian 
Academy of Sciences, Moscow; UDC 575.174.2] 


[Abstract] Seeds from five populations of Pinus sy/vestris 
L. from the evacuation zone around the Chernobyl 
Nuclear Power Plant that had been growing under var- 
ious levels of radioactive contamination as a result of the 
Chernobyl meltdown were studied to determine whether 
exposure to chronic irradiation results in segregation 
distortion. The seeds were labeled with designators con- 
sisting of an abbreviated version of the place of origin 
followed by the final two digits of the year in which the 
trees’ seeds were gathered as follows (in order of 
increasing density of contamination): the villages of 
Dityatka (Dit-87), Zapolye (Zap-87, Zap-88), Lelev (Lel- 
88, and Chistogalovka (Chis-87, Chis-88) and the city of 
Pripyat (Pri-88, Pri-89). The density of '*’Cs radionu- 
clide contamination of the said areas ranged from 5 to 
500 Ci/km?. A section of forest on the border of the 
Poltava and Kiev oblasts (Lub-90) served as a control. 
The seeds selected for analysis were soaked in Petri 
dishes on filter paper, placed in a refrigerator (44°C) for 
96 hours, and then placed tn the light at room tempera- 
ture. The punctured seeds were used for electrophoresis 
as described elsewhere. The analysis results were sub- 
jected to the standard statistical processing methods with 
the FOXPRO data base manager. The following diallelic 
loci that were polymorphic in all of the above popula- 
tions were studied: Got-2, Got-3, Est-3, Adh-1, Adh-2, 
and Gdh. At least three heterozygous pines were ident- 
fied in each population and for each locus, and 60-80 
endosperm samples were analyzed for each heterozygous 
pine. The analysis provided unequivocal evidence of 
significant deviations from correct segregation in the 
chronically irradiated populations. Not one case of sig- 
nificant deviation from 1:1 was detected in the case of 
the pines growing in “clean” areas (the samples Lub-90 
and Dit-87), and the greatest segregation distortions 
were noted in the populations Pri-89 and Chis-87. When 
the degree of segregation distortion is characterized by 
the average value of y’ per locus, there is a trend toward 
increased segregation distortion as the chronic irradia- 
tion dose is increased (correlation, r = 0.338). Further 
analysis established that the gamete selecuon inducing 
the observed segregation distortions was of an exclu- 
sively one-locus nature. No less surprising was the 
finding that this selection always acts against the f allele 

The results of studies of diploidal embryos for the Got-2 
and Got-3 loci were consistent with those of the 
endosperm analysis: In chronically irradiated popula 

tions there was selection against the f allele, and the 
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studies in relation to the locus Got-2 revealed a sharp 
drop in the incidence of ff homozygotes in highly irradi- 
ated populations (Pri-89, Chis-87, and Chis-88). The 
selection discovered at the gamete level thus proved to 
have a clear effect on the gene pool of the next genera- 
tion. Figures 3, tables 2; references 5: 4 Russian, | 
Western. 


Vector for Constructing Transgenic 
Dicotyledonous Plants Permitting Registration of 
Recombination According to Direct DNA Repeats 


947C0309B Moscow GENETIKA in Russian 
Vol. 30 No. 1, Jan 94 (manuscript received 11 Mar 1993) 
pp 138-140 


[Article by A.L. Lukin, O.A. Ogarkova, and V.A. Tara- 
sov, General Genetics Institute imeni N.I. Vavilov, 
Russian Academy of Sciences, Moscow; UDC 575.11] 


[Abstract] Because of the amount of time they require 
and their cost, existing methods of testing environmental 
contaminants do not permit efficient and timely mass 
screening for mutagenic, much less carcinogenic activity. 
In view of this fact, researchers worked to construct a 
convenient vector that could be used for transformation 
of dicotyledonous plants and that contained repeats of 
the B-glucuronidase gene fragment in its T-region that 
were located so as to permit restoration of the structure 
of the said gene on their basis and thus make it possible 
for the gene to be expressed in plant cells. The following 
strains/plasmids were used in the research: Escherichia 
coli, JM83, pBI121, pTZ18R, and pBR325. A new 
vector, pLT5, was constructed on the basis of the vector 
pBI121. The pLT5 vector may be used in transforming 
dicotyledonous plants. Its T-region contains 1.2-kb 
direct repeats of the proximal f-glucuronidase gene 
fragment separated by a 2.4-kb DNA fragment con- 
taining the CAT-gene. The said repeats were determined 
to be located in such a way as to make it possible to 
restore a given gene’s structure on their basis and thus 
make it possible to express the gene’s structure in plant 
cells. Figures 3, table 1; references 14 (Western). 


Vitamin Consumption by Various Population Groups 
in Republic of Bashkortostan (June of 1992) 
947C0247A Moscow VOPROSY PITANIYA in Russian 
No. 5, Oct-Dec 1993 pp 36-40 


[Article by V.B. Spirichev, V.M. Kodentsova, O.A. 
Vrzhesinskaya, A.A. Sokolnikov, N.V. Blazhevich, V.A. 
Isayeva, L.A. Kharitonchik, S.I]. Aleynik, M.S. Ukader. 
I.D. Frizen and M.I. Sultanova (Vitamin and Mineral 
Substances Metabolism Laboratory (headed by V.B. 
Spirichev), Nutrition Institutes RAMN [Academy of 
Medical Sciences of Russia], Moscow, Ufa Vitamin 
Plant); received 9-10-92: UDC 616-008.93:577.161/ 
169]-008.64-07] 


[Abstract] Inflation, price increases, unemployment, 
declining purchasing power of the population and unsat- 
isfactory food supply are creating a real threat of mass- 
scale vitamin deficiency, especially during the winter 
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and spring time. In June of 1992 employees of the 
Vitamin and Mineral Substances Metabolism Labora- 
tory of the Nutrition Institute, RAMN, in cooperation 
with public health workers of the Republic of Bashkor- 
tostan had studied vitamin consumption by various 
groups of Republic’s population, in order to develop 
practical recommendations on optimizing the vitamin 
status of the population. The objects of studies were 169 
industrial workers, 109 blood donors, 111 pregnant 
women and 40 children, 7 to 16 years old. The study 
results indicate extremely low consumption of vitamin C 
by Bashkortostan population. Consumption of vitamin 
A was fairly good. Carotene consumption was unsatis- 
factory. Everybody in the study had a normal average 
level of vitamin A. Consumption of vitamins B,, B, and 
B,, was extremely unsatisfactory. There was moderate to 
deep deficiency of vitamin B,,. On the whole the 
obtained data indicate extremely unsatisfactory con- 
sumption of all studied vitamins with the exception of 
vitamins A and E. The article characterizes the vitamin 
deficiency in the majority of study participants as poly- 
hypovitaminosis. Only 3.5% of the population have 
sufficient amount of vitamins, while 15% have vitamin 
deficiency in terms of at least one vitamin. Tables 4, 
references 10: 4 Russian, 6 Western. 


PHARMACOLOGY AND PHYSIOLOGY 


IV Dalargin Injection as a Method of Increasing 
the Efficacy of Blood Reinfusion in the Late Stage 
of Hemorrhagic Shock 


947C0319A Moscow GEMATOLOGIYA I 
TRANSFUZIOLOGIYA in Russian Vol. 38 No. 8, 
Sep-Oct 1993 (manuscript received 11 Sep 1992) pp. 27-30 


[Article by D.M. Sherman, doctor of medical sciences, 
and V.M. Trach, District Military Hospital, Lvov] 


[Abstract] A study examined the possibility of using the 
synthetic opioid peptide dalargin to improve the efficacy 
of reinfusion of blood in the late stage of hemorrhagic 
shock. The experiments were performed on 63 adult 
rabbits. Hemorrhagic shock involving fractional or con- 
tinuous blood loss was modeled in a control group 
containing a total of 28 rabbits. The 10 rabbits in group 
2 were treated with blood reinfusion in the early stage of 
hemorrhagic shock after fractional blood loss. The 10 
rabbits of group 3 were treated with blood reinfusion in 
the late stage of hemorrhagic shock after fractional blood 
loss. The 10 rabbits of group 4 were administered 
intravenous [IV] injections of dalargin (the first 5 
received injections after fractional blood loss, and the 
second 5 received injections after continuous blood loss). 
The five rabbits in group 5 (also in the late stages of 
hemorrhagic shock involving fractional blood loss) were 
treated first by reinfusion of blood and then by IV 
dalargin injection 3 minutes thereafter. The experiments 
established that acute fractional blood loss for 5 minutes 
(amounting to 27 +/- 1 percent of the total blood volume) 
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results in the development of reversible hemorrhagic 
shock that could be eliminated in 100 percent of cases 
(1.e., in all 10 animals in group 2) by reinfusion of blood. 
Continuous loss of the same volume of blood (i.e., 27 +/- 
5 percent of blood volume), on the other hand, or an 
increase in blood loss to 43 +/- 2 percent of blood volume 
was found to induce what proved to be irreversible 
hemorrhagic shock. IV injection of dalargin (0.2 mg/kg) 
alone in the late stages of hemorrhagic shock proved to 
be ineffective in rescuing the animals from death; how- 
ever, IV dalargin injections after reinfusion of blood 
were effective in saving animals’ lives. All five animals in 
group 5 that received the combination of blood reinfu- 
sion and dalargin injection survived, thus confirming the 
efficacy of IV dalargin injection in the late stages of 
hemorrhagic shock. It was concluded that after the 
volume of circulating blood has been restored, dalargin 
is able to restore the functions of the body’s higher 
regulator systems, facilitate stabilization of the hemody- 
namic effect of blood reinfusion, and significantly boost 
the body’s tolerance of hypoxia, thereby creating the 
conditions required for mobilization and effective func- 
tioning of the specific mechanism of recovery from 
shock. Table |; references 17: 16 Russian, | Western. 


Experience and Prospects of Using Bemitil—A 
Drug of a New Pharamacological Class of 
Actoprotetors 

947C0318A Moscow NOVYYE LEKARSTVENNYYE 
PREPARATY in Russian No. 7-9, Jul-Sep. 1991 pp. 33-41 


[Article by A.V. Smirnov, Military Medical Academy 
imeni S.M. Kirov, Saint Petersburg; UDC 
615.2Bemitil:615.216.5] 


[Abstract] The new drug bemitil (2-ethylthiobenzimi- 
dazole hydrobromide) was created at the pharmacology 
department of the Military Medical Academy imen1 
S.M. Kirov. It was initially created as a drug to restore 
and increase healthy people’s physical fitness for work. 
Bemitil was launched into medical practice jointly by the 
Pharmacology Scientific Research Institute of the USSR 
Academy of Medical Sciences and Organic Chemistry 
Scientific Research Institute of the Ukraine SSR 
Academy of Sciences. Since 1983, bemitil has been 
produced by the Darnitsa Chemical and Pharmaceutical 
Production Association in Kiev in the form of 0.25-g 
coated tables. The drug is produced in 10U-tablet pack- 
ages with a shelf life of 2 years when stored in a dark 
place. Bemitil became a representative of the pharmaco- 
logical class designated by the proposed name “‘actopro- 
tector,” which refers to drugs for maintaining motor 
activity and physical fitness for work under extreme 
conditions. The effect mechanism of bemitil and its 
analogues (i.e., derivatives of 2-thiobenzymidazole) is 
based on activation of RNA synthesis in various cells 
that in turn results in the intensification of protein 
synthesis. The activation of RNA synthesis induced by 
actoprotectors is the result of reaction with the genome 
that is likely due to the structural similarity of benzimi- 
dazole with the purine bases of the nucleic acids adenine 
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and guanine. Although the effect is not organ or tissue 
specific, it is always more pronounced in those organs 
and tissues in which RNA and protein synthesis pro- 
cesses occur actively. The protein synthesis activated by 
bemitil and its analogues has an economizing effect: 
Oxygen consumption and heat production are slowed, 
and expenditure of energy resources (including energy 
consumption per unit of work) is reduced as a result of 
bemitil administration. These effects are particularly 
important under conditions of hypoxia and overheating 
According to preliminary results, the observed phenom- 
enon of bemitil-induced economization may be related 
to intensification of the formation of mitochondrial 
proteins and an increased connection between oxidation 
and phosphorylation, as well as to activation of antiox- 
idant enzymes. Because of the identified properties of 
actoprotectors, bemitil was first used in clinical practice 
as an antiasthenic drug. Clinical trials of bemitil con- 
ducted in the late eighties established its efficacy in 
asthenias of various genesis. Bemitil’s therapeutic effects 
are most evident in cases of relatively structurally simple 
asthenic impairments of an organic or psychogenic 
nature, and it has a positive effect on asthenic dysfunc- 
tions in cases of organic pathology of the central nervous 
system: in periods of short- and long-term consequences 
of craniocerebral trauma, in the residual period of infec- 
tions (encephalitis and meningitis), and in cases of 
atherosclerosis of the cerebral vessels. It also eliminates 
asthenic impairments in cases of neurosis (above all, in 
cases of neurasthenia). In cases of structurally simple 
asthenias characterized by mental and physical weak- 
ness, fatigue, rapid exhaustion, motor blocks, slowed 
mental processes, and deterioration of attention/ 
memory and intellectual activity, bemitil’s positive 
effects become evident 3 to 5 days after treatment has 
been initiated and continue to increase. After daily use of 
bemitil for more than 1|-1.5 weeks, some patients notice 
signs of the drug’s excessive psychoactivating effect, 
including affective lability, irritability, and reduced 
duration and/or depth of sleep. These undesirable effects 
are accompanied by continued reductions in fatigability 
and improvement in fitness for work. Individual reac- 
tions to bemitil are evident after the administration of a 
single dose. In individuals prone to the development of 
an excessive psychoactivating effect, a single dose of 
bemiti! will induce attenuation of the main symptoms of 
asthenia and a tranquilizing effect. The likelihood of 
development of an extreme psychoactivating effect of 
bemitil depends on the patient’s initial condition and 
increases in proportion to the markedness of hyperas- 
thenic symptoms in the structure of the patient’s disease. 
Bemitil surpasses nootropic drugs (e.g., piracetam) from 
the standpoint of speed of dev7lopment and markedness 
of antiasthenic effect. Bemitil may be used as a supple- 
ment to other psychotropic drugs in the treatment of 
schizophrenia in cases of asthenoapathic conditions and 
asthenic postpsychotic remissions (at doses of no more 
than 0.5 g). Because of its favorable combination of 
antiasthenic and reparative effec 's, bemitil was success- 
fully used to treat 10 patients with acute radiation 
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sickness. Bemitil has also been demonstrated to have a 
rehabilitative effect in cases of drug and pesticide pol- 
soning. Clinical trials of bemitil with patients suffering 
from neuromuscular diseases established that in 74.8 
percent of patients, bemitil used alone was more effec- 
tive than traditional treatment (1.e., a combination of 
ATP, vitamins E and B, etc.). Trials of bemitil at the 
Military Medical Academy’s otolaryngology clinic estab- 
lished that bemitil has a therapeutic effect in cases of 
vestibular disorders and can also prevent or significantly 
reduce vestibular disorders in cases of patients subjected 
to rolling. Bemitil has also been shown to have prc- 
nounced immune-stimulating properties: Jt has been 
shown to activate both humoral and cellular immune 
responses in cases of recurring erysipelas. Bemitil com- 
bines well with different types of agents: Its therapeutic 
effect is generally intensified when combined with noo- 
tropic drugs, amino acids, and vitamins. References 4 
(Russian). 


Systematic Analysis and Comprehensive Prognosis 
of Polar Explorer Health and Morbidity 


947C0301A Moscow FIZIOLOGIYA CHELOVEKA 
in Russian Vol. 20, No 1 1994 pp 128-140 


[Article by A. M. Marchenko, M. N. Tikhonov, V. V 
Dovgusha, Scientific Research Institute of Industrial and 
Marine Medicine, St. Petersburg; submitted 26 Mar 93; 
UDC 614:616 - 036.001.57 269] 


[Abstract] Changes in human health and morbidity in 
response to natural conditions were studied to determine 
whether a comprehensive approach could be developed 
for predicting such changes in response to specific envi- 
ronmental factors. An exhaustive battery of medical tests 
was performed on 175 men ranging in age from 25 to 67 
years, including 125 professional polar explorers with 
three to 15 years’ experience and 50 employees of the 
Arctic and Antarctic Scientific Research Institute 
without any polar experience. A total of 148 different 
tests was performed at different times of the year at the 
clinic for naval and general medicine of the Naval 
Medical Academy imeni S. M. Kirov, using the most 
sophisticated and standardized medical equipmen: and 
methodology available to the researchers. Factor anal- 
ysis, extrapolation, and paired correlation-regression 
models were used to winnow out the most predictive 
medical and environmental factors and to establish the 
relationship between these variables and clinical diag- 
noses of illnesses induced by exposure to polar condi- 
tions. This approach enables medical professionals to 
make an integrated and comprehensive prognosis of the 
health of polar explorers within a two- to three-year lead 
time. It was found that repeated intermittent exposure to 
the extreme polar conditions induces a complex adaptive 
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mechanism 1n the human organism that is manifested in 
a more intensive functioning of the affected systems and 
in the development of clinical pathologies and il!nesses 
among people with extensive polar experience. It is also 
possible to assess and isolate the contribution of indi- 
vidual variables to changes in human health and their 
overall effects on adaptive processes. This knowledze 
can be used to develop individualized programs for the 
prevention and treatment of polar-induced illness. Fig- 
ures 6; references 22: 20 Russian, 2 Western. 


Simulation of Retinal Information Processing 
947C0301B Moscow FIZIOLOGIYA CHELOVEKA 
in Russian Vol. 20, No. 1 1994 pp 151-160 


[Article by A. N. Radchenko, Vector Scientific Research 
Institute, St. Petersburg; subrnitted 10 Jan 1992; UDC 
621.3] 


[Abstract] A mathematical model was constructed to 
simulate the manner in which the retina processes visual 
information. The model was based on the premise that 
the retina compensates for the extremely wide brightness 
range within which visual perception is possible in much 
the same way that technical devices do—by utilizing 
bridges and/or powerful negative feedback. This makes 
it possible to utilize a binary construct free of binary 
restrictions, as the nature of visual receptor activity (on, 
off or on - off responses) does not preclude the incorpo- 
ration of information about previous neural or receptor 
activity. It was found that visual receptor size and 
structure determines visual acuity as well as sensitivity 
to light and color. The larger the rod receptor areas are, 
the greater photosensitivity 1s, whereas visual acuity, 
measured in terms of the probability of distortion at the 
pixel, at first rapidly improves, reaches a maximum, and 
then drops off. Because rod receptor structure 1s consid- 
ered optimal, but cone receptor structure 1s not, there 1s 
a trade-off between light and color sensitivity that 
cannot be resolved without compromising color discrim- 
ination. By linking the numerical and geometrical 
parameters of the retina to the informational ones, the 
model provides a quantitative underpinning for the 
spatial rod-and-cone receptor structure, describes the 
particular nature of color perception, and defines the 
essential quality of retinal function - - the compression of 
visual information. These findings have important 
implications for the development of high-resolution tele- 
vision and videorecording, as the manner in which the 
retina performs its primary function of compressing 
information can be simulated by technical devices. By 
separating the analog and discrete components of visual 
afferentation, the encoding of video information can be 
regarded as an approximation of the Boolean functions 
of their reduced implicative forms. Figures 3; references 
8: Russian. 
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Stress Modulating Effect of Viedium-Weight 
Molecular Peptides Isolated From Blood of 
Control and Burned Animals 
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here developed an alternative to those methods 

determination of subpopulation composition of immune- 
system cells. The technique is based on the microlympho- 
cytotoxic method developed by P. Terasaki ef a/., in which 
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[Abstract] The leading pathology among those who helped 


in the cleanup at the Chernobyl power plant consists of 


cerebrovascular disorders against the backdrop of pro- 
nounced immune disorders. Researchers trom the Luga 
Medical Institute have developed a model that houses 
criteria for assessing the immune status of such patients. 
Che model, called an “immunological compass,” makes it 
possible to analyze the ratio of T helpers and T suppressors 
and was used to examine 398 men aged 22-42 who helped in 
the cleanup and were officially declared to have been 
irradiated. Distinct immune shifts were identified in 83.8 
percent (326 individuals) of those examined. T- 
lymphopenia was observed, as were a drop in the number of 


multireceptor rosetting cells and a rise in the number of 


incomplete rosettes. Changes in the regulatory subpopula- 
tions show up primarily as a pronounced drop in CD4’ 
lymphocytes, with a moderate reduction in T suppressors; 
CD4/CD8 drops. A total of 258 of the 326 were shown to be 
in that state. Thirty-seven individuals had low levels of 
CD4 cells, with normal levels of T suppressors. Twenty had 
drops in CD4° and CD8", with CD4/CD8 remaining close 
to normal. Eleven individuals showed a drop in CD4' 
accompanied by a moderate rise in CD8". In a theophylline 
test, the count for theophylline-sensitive rosetting cells 
could not be taken in 92 individuals, because the level of 
such cells was higher than that for E-rosetting cells. A 
comparison of the theophylline test results and the results 
produced with monoclonal antibodies demonstrated that 
| between the dynamics of CD4’ and 


‘r } 


ere 1S no strict parali 
the theophylline-sensitive rosetting cells. At the same time 
the researchers identified a pronounced rise in the relative 
number of C-rosetting and histamine-sensitive rosetting 

s. The number 


of autorosetting cells was, to varying 


~ 


degrees. below normal in all the individuals. References | 2 
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The Effect of Long-Duration Space Missions on 
the Biochemical Status of the Human Body 

44 ( j/-P \f ALINIC Hi SAA) 1 
LABORATORNAYA DIAGNOSTIKA in Russian No. 1 
Jan-Feh 94 /manuscript re ved 14 Jul 1993) pp. 19-22 


[Article bv A. |. Grigorvev. V. B. Noskov. 1. A Popova, 


Ye. G. Vetrova, A. A. Markin, L. B. Strogonova, Insti- 
tute of Biomedical Problems, Moscow; UDC 616- 
O08 9-02:629.78]-074] 

[Abstract] The length of today’s space mussions, the 


factors to which man 1s exposed in space, and the 
liberalization of the age limits for cosmonauts are 
making the inflight monitoring of cosmonauts’ health 
even more critical than before. Blood studies play an 
important role in that monitoring, but traditional labo- 
ratory techniques of hemistry are virtually 
mpossible to perform in space. Biochemical analyses 


clinical 
based on so- called dry chemistry represent a promising 
alternative. This paper presents data from several long- 
duration Mir missions (four to eight months) during 
which the Reflotron instrument—a semiautomatic pho- 


tometer that can be operated by individuals with no 
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medical training—used dry chemistry to perform on- 
the-spot analyses of peripheral blood taken from the 
finger. The Reflotron information was supplemented by 
the results of laboratory analyses of capillary blood that 
was taken with the Plazma-02 device and delivered in 
frozen form to the ground. The researchers found that 
blood levels of urea, uric acid, and lactate had risen, as 
had amylase activity, malate dehydrogenase and creatine 
phosphokinase activity, however, had dropped. Previ- 
ously observed changes in the functional state of the 
pancreas were confirmed by an almost twofold rise in the 
amylolytic activity of the blood identified during long- 
duration flight. Figures |, references 14: 8 Russian, 6 
Western 


Chemiluminescent Determination of Superoxide 
Dismutase Activity 

947C0312E Moscow KLINICHESKAYA 
LABORATORNAYA DIAGNOSTIKA in Russian No. | 


,* » | 


Jan-Feb 1994 [manuscript received 25 Sep 1992] pp 22-23 


[Article by Z. P. Cheremisina, T. B. Suslova, L. G 
Korkina, Russian State Medical University, Moscow: 
UDC 612.!12.11-08] 


[Abstract] Superoxide dismutase, one of the principal 
enzymes of intracellular antiradical protection of aerob« 
rganisms, catalyzes the dismutation of superoxide radi- 
cals and thus participates in the regulation of free-radical 
processes in living cells in the initial stage. Adequate 
therapy, therefore, requires accurate data on the activity of 
superoxide dismutase, which can be obtained with highly 
sensitive techniques. This paper proposes a technique for 
assessing the activity of superoxide dismutase from its 
ability to suppress the lucinogen-dependent chemilumines- 
cence that 1s specific to superoxide radicals formed in the 
oxidation of adrenalin in alkaline conditions. The 
researchers found that that chemiluminescence grows with 
the adrenalin concentration. In the presence of 25 ng/ml 
superoxide dismutase, the chemiluminescence was inhib 
ited by 50 percent, indicating tha’ the technique developed 
9-fold more sensitive than ordinary 
spectrometric analysis. Figures |, references 11: 2 Russian 
9 Western 


by the researchers 1s 2 


Problems in Recording and Classifying Human 
Breath Sounds 

947C0314A Moscow AKUSTICHESKIY ZHURNAI 
in Russian Vol. 40 No. 1, Jan-Feb 1994 (manuscript 
received 16 Mar 1993) pp 50-56 


[Article by I.V. Vovk, V.T. Grinchenko, L.G. Krasny 
and A.P. Makarenkov, Hydromechanics Institute, 
Ukraine Academy of Sciences, Kiev; UDC 534.3] 
[Abstract] It 1s a long established fact that the breath 
sounds of healthy persons differ from those of ill per 


sons. Unfortunately, the literature on this problem con 
tains only qualitative descriptions of the various primary 
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(bronchial and vesicular) and additional (rales and crep- 
itation) types of breath sounds. Existing experimental 
works indicate that the most likely mechanism of gener- 
ation of bronchial sounds 1s that of turbulent pressure 
pulses in the airflow during the act of breathing. The 
origin of vesicular sounds is still unresolved. The gener- 
ation mechanism of rales is linked with a reduction in 
the size of the airways and interaction of their walls with 
the airflow. Two likely mechanisms of crepitation have 
been indicated: sudden opening of the airway with a 
sharp equalization of pressure that induces subsequent 
shock waves and collapse of air bubbles in the fluid that 
is released in the airways as a result of secretion. Another 
possible mechanism of the origin of crepitation is the 
abrupt change in the stressed state of the tissues of the 
compressed bronchus at the moment when it opens. The 
lack of more definitive information on the origin and 
characteristics of breath sounds makes it critical that 
objective methods be developed to record and classify 
such sounds. In view of this fact, a mathematical analysis 
was conducted to develop an albeit approximate way of 
analyzing the propagation of sound in the human body. 
The analysis performed established that the section of 
the body from the trachea to the body’s surface acts as a 
low-frequency filter and that the main source of infor- 
mation about breath sounds at the body’s surface 1s 
vibratory velocity. It was therefore concluded that for 
recording breath sounds, accelerometer-type transducers 
that react to vibratory velocities are preferable to micro- 
phones. Further studies established that such accelerom- 
eters must be extremely sensitive, small, lightweight, 
capable of making reliable contact with the skin’s sur- 
face, and capable of overcoming two main sources of 
interfering noise (parasitic vibrations and heart sounds) 
Next, the problem of classifying the various breath 
sounds was formulated as a problem of verifying statis- 
tical hypotheses. The analysis results were then used as a 
basis for developing optimal and adaptive algorithms for 
classifying breath sounds in a manner that gives consid- 
eration to the sounds’ nonstationarity. The adaptive 
algorithms defined the proximity between the observed 
and reference realizations of breath sounds as deriving 
from their spectral and temporal characteristics. The 
algorithms called for spectral analysis, averaging of spec- 
tral samples over time and frequency intervals, and 
stationarization of breaih sounds. Tests of the classifica- 
tion algorithms on healthy children and children suf- 
fering from bronchitis that included measurements of 
breath sounds by high-frequency accelerometers and 
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low-noise electronic amplifiers resulted in a rather satis- 
factory (albeit not 100 percent) differentiation of healthy 
and ill children. The studies performed established that 
the problems of recording and classifying breath sounds 
may be solved in at least a first approximation and that 
it may eventually be possible to diagnose lung diseases 
on the basis of breath sounds. Figures 2, table |; 
references 24: 3 Russian, 21 Western. 


LASER AND NONIONIZING 
RADIATION 


Histochemical Characterization of Cerebral 
Capillary Bed Following Low Intensity Laser 
Irradiation 


947C0316A Moscow ZHURNAL NEVROPATOLOGII 1 
PSIKHIATRII IMENI S.S. KORSAKOVA in Russian 
Vol 1993 No 5, May 1993 (manuscript received 

26 Jul 1990) pp 58-60 


[Article by V. M. Chertok, N. V. Miroshnichenko, M. V. 
Votkina, and D. V. Bykov, Chair of Human Anatomy, 
Viadivostok Medical Institute; UDC 616.831- 
005-02:615.849.19.03] 


[Abstract] Histochemical parameters characterizing the 
transport activity of the cerebral capillary bed following 
low-intensity laser irradiation (helium-neon laser-108, 
632.8 nm) were studied in 56 pubertal albino rats, 
170-180 g, exposed for 1, 10, 30 seconds, 5, 15, 30 
minutes, | and 3 hours. Examination of the capillary bed 
in the hippocampus of animals exposed for even 10 
seconds revealed a significant increase 1n the number of 
capillaries with a high density of reaction product 
deposits. The total capillary length also increased by 12 
percent. For exposures ranging from 10 seconds to 15 
minutes there 1s a steady increase in both alkaline 
phosphatase activity and capillary bed length. Contin- 
uous irradiation for 1-3 hours elicited a sharp increase in 
capillary diameter and a significant decrease in alkaline 
phosphatase activity. In addition, there was a low or very 
low density of reaction product deposits. In conclusion, 
the results show that irradiation of the brain causes 
significant changes in the hemomicrocirculatory bed, the 
direction of which depends on the length of exposure. 
Exposure lasting 5-15 minutes stimulates the capillary 
bed, while longer exposures decrease capillary functional 
activity and may result in structural and functional 
disturbances in the brain tissue. Figures 3; tables 1; 
references |2: 7 Russian, 5 Western. 
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